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SUMMARY 
Neem {Azadirachta indica A. Juss) is one of the most important 
trees for mankind, being endowed with the ability to produce an 
enormous number of chemical compounds. Virtually all of these 
compounds find some use or the other for mankind. It is on 
account of these characteristics that neem has been variously 
described as 'village dispensary'. The tree is native to India and 
South-East Asian countries. Though neem has been well 
studied from the phyto-chemical point of view, not much is 
known about its genetic diversity. This along with the fact that 
the neem trees have long generation times (as is true for several 
other trees) have precluded the genetic improvement and 
breeding of 'superior' neem trees on a large scale. In general 
'trees' are considered to be a difficult subject for genetic 
improvement for these very reasons. 
It is in this backdrop that the present work on the "Molecular 
Analysis of Genome of Neem {Azadirachta indica)" was 
initiated. This study was made with the following specific 
objectives: 
1. Optimization of DNA-isolation and RAPD-PCR coditions. 
2. Determination and analysis of genetic diversity in neem 
using RAPD technique. 
3. PCR based fingerprinting using minisatellite and 
microsatellite sequences as primers. 
4. Inter- as well as intra-geographical group relationships 
among neem provenances. 
The entire study was primarily based on the use of PCR-based 
techniques for determining genetic affinities between the 
different provenance of neem. The salient results are 
summarized in the following paragraphs. 
Determination of the optimum conditions for isolation of 
DNA and RAPD-PCR 
The RAPD markers are a powerful tool, for fingerprinting 
anonymous genomes. However, the reproducibility of RAPD 
profiles has been a major concern. Many reaction conditions of 
the PCR influence the result. Since this study is PCR-based and 
the first on neem genome, it was essential to carefully optimize 
the various reactions and their components before starting full-
scale analysis. Four different DNA isolation protocols have been 
tried to determine the optimal protocol. This was necessary 
because the isolated DNA was the essential component of RAPD 
reaction. In order to become an effective tool allowing high 
throughput analysis, methods have been simplified to lower the 
cost while maintaining high efficiency. The extraction buffer 
method, which in our hands resulted in a good yield and 
reproducible amplification profiles was selected for all further 
analysis. 
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High reproducibility is an essential requirement for the 
suitability of a DNA-marker system for genetic analysis. Hence 
for PCR-based markers various factors like, DNA template, 
primer, magnesium ion and deoxynucleotide concentration and 
thermostable DNA polymerase sources were carefully optimized. 
Under our experimental conditions, the RAPD-PCR were carried 
out using 2.5mM Mg2+, lOpmoles primer, 50ng template DNA, 
0.2mM each dNTP and 0.5U of Taq DNA polymerase (Genei, 
Bangalore). These conditions were subsequently used for all the 
RAPD reactions. 
Determination and analysis of genetic variation in neem 
Various RAPD-based studies have been made in case of many 
economically important trees. But in case of neem, which is best 
known for its large number of properties, no data on genetic 
analysis was reported when this study was initiated. The wide 
distribution of neem tree is an indicative of existence of 
adequate genetic variability. However, no specific reports were 
available about the actual genetic variation existing in the 
natural population. Hence the task of determining genetic 
variation in neem was taken up. Two populations of genotypes 
maintained at different research centers were used. One 
maintained at Banthra Research Center, NBRl, Lucknow and 
another population was maintained at Arid Forest Research 
Institute, Jodhpur. The purpose of analyzing collections from 
two population sets was to determine whether or not, a similar 
trend of genetic relationship exists between the two population 
maintained separately and further to determine the extent of 
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genetic similarity between the different provenances. These two 
populations included provenance from different parts of India as 
well as 8 provenances from the countries Thailand, Pakistan 
and Nepal. 
Genomic DNA was isolated from all the samples by Extraction 
Buffer method. The DNA yield was in the range of 0.050-0.188 
mg per gram of leaf tissue. In addition, the DNA extracts were 
reasonably free of contaminants, as calculated by 260/280nm 
ratio, which were in the range of 1.60-1.80. 
RAPD profile diversity amongst provenances in the 
"Lucknow" population 
The 34 neem provenances included 11 from Lucknow region 
and the rest from elsewhere in the country. A total of 200 
arbitrary sequence decamer primers were screened, out of 
which, 49 primers resulted in consistent profiles. The RAPD 
data obtained in case of these 49 primers were considered 
cumulatively for analysis of the relationship amongst the 
different provenances. UPGMA dendrogram was generated using 
Jaccard's coefficient. The Lucknow samples seem to be grouped 
into 2 major sub-clusters, while in case of non-Lucknow 
samples, no major clustering trend was apparent except for 
small groups of provenances from Kanpur, Gorakhpur and 
Bahraich. The neem provenances from Haldwani (Uttar Pradesh 
state in North India), Jabalpur, Raipur (Madhya Pradesh state 
in Central India), Jodhpur (Rajasthan state in Western India) 
and Ayodhya (West Bengal state in Eastern India) form one sub-
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cluster, while the other sub-cluster consists of provenances 
from Madras (TamilNadu state in South India), Saugar (Madhya 
Pradesh in Central India) and Ranichaura (Uttar Pradesh state 
in Northen India). Thus, provenance from regions separated by 
hundreds of kilometer distances are clustered together, 
indicating a higher genetic similarity amongst these samples. 
This result was surprising, considering the reportedly cross 
pollinated nature of neenm. The similarity data were tested for 
random chance similarity and indicated that the similarities 
observed amongst the provenance were very little due to chance. 
On the basis of these results it has been concluded that these 
neem provenances seem to have a narrow genetic base. 
RAPD profile diversity amongst neem provenances in the 
"Jodhpur" population 
This population included 46 neem provenances, of which 38 
belonged to different regions of India and 8 to the neighboring 
countries of Thailand, Pakistan and Nepal. A total of 220 
primers were screened of which 70 primers resulted in 
reproducible profiles. The UPGMA dendrogram was generated in 
the same way as for the earlier population. This dendrogram 
also did not show any distinct trend in clustering of 
provenances. All the provenances from Uttar Pradesh state in 
North India were included as one sub-group. However, the same 
cluster also included sub-groups of provenances from Bihar and 
Madhya Pradesh (in Central India) and Rajasthan (in Western 
India). Amongst the provenances from other countries, those 
from Nepal were closely related to those originating from 
Pakistan. The Thailand provenances, reported to belong to a 
different species, namely, A. siamensis were grouped together, 
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but did not form a separate sub-cluster or cluster. Thus the set 
of clustering data here also indicated a narrow genetic base 
amongst neem provenances. 
The study of two independent populations has thus revealed a 
similar trend of genetic similarity amongst the neem 
provenances. In general, neem provenances seemingly have a 
narrow genetic base and are thus similar to each other to an 
extent greater than that expected because of the reportedly 
highly cross pollinated nature as well as the fact that the 
Thailand provenances have been considered as a distinct 
species. 
The application of micro- and mini-satellite PCR techniques 
for analysis of genetic variation in neem 
Mini- and micro-satellites are an integral part of the genome 
and are ubiquitous in occurrence in the eukaryotes. These 
sequences besides revealing genome and/or individual-specific 
profiles have also proven to be invaluable in population analysis 
including phylogenetics. In view of their utility and resolution 
power, we decided to use these type of sequences also, in 
determining and analyzing genetic variation amongst neem 
provenances. However, since no molecular genomic data were 
available in case of neem, we could not use the cognate mini-
and micro-satellites. Therefore, in the present studies, we have 
used a set of such sequences (14 synthetic tandem repeat 
oligomers as primers for micro-satellite analysis and 3 
conserved eukaryotic mini-satellite core elements as 
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heterologous primers for the mini-satellite analysis) for the 
determination of genetic variability amongst neem provenances. 
In the absence of any molecular or genomic data in case of 
neem, the micro-satellite primer PCR conditions has to be 
empirically optimized especially with reference to annealing 
temperatures. The 14 primers used included di-, tri- and tetra-
nucleotide repeats and 3 different annealing temperatures were 
tried in the range 2°C to 10°C less than their denaturation 
temperatures. On the basis of such trails, the reaction 
conditions for use of these primers were determined. In each 
case, the primers were used singly for amplification reactions. 
Such reaction result in amplification of the DNA sequences 
between the two adjacent regions of Simple Sequence Repeats 
(SSRs). This type of PCR has been best described as Inter-SSR 
PCR (ISSR-PCR) or even as Microsatellite Primed PCR (MP-PCR). 
Of the 14 primers tested, 50% produced profiles. Most of the 
tetra-nucleotide and di-nucleotide primers did not result in any 
amplification or resulted in a smear. The tri-nucleotide repeat 
primers (GAA)6, (GAA)6G and (CAC)5 were most effective and 
resulted in reproducible amplification profiles. The products 
were in the range of 220-5200bp. The profiles showed no 
obvious polymorphism amongst the provenances. This was 
surprising since these results indicated that the ISSR regions in 
case of neem were also apparently conserved, at least in length 
if not entirely in sequence. To ascertain this, the genomic DNA 
was pre-digested with selected restriction endonuclease and 
then used as a template for PCR with (GAA)6, (GAA)6G and 
(CAC)5 as primer. The resultant products were in low molecular 
weight range, 180-2200bp. However, the polymorphism was still 
not distinct enough to enable the identification of any individual 
or provenance specific profile in neem. 
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Minisatellite core sequences were used as primer for direct 
amplification of region rich in minisatellite. Such a PCR is best 
described as Direct Amplification Minisatellite DNA-PCR 
(DAMD-PCR). In this type of PCR the single primer amplifies the 
region between two adjacent but inverted (relative to each other) 
mini-satellite families. Highly polymorphic banding pattern was 
observed when 33.6 minisatellite core primer sequence was 
used. The profiles revealed variation between provenances. 
However, no individual-specific fingerprinting profile was 
obtained and instead, few groups of similar profiles were 
obtained. The other two minisatellite primers HVR (-) and HBV5 
did not reveal any distinct profiles, suggesting thereby that 
either mini-satellite families homologous to these 2 primers 
were not present in the neem genome or that there were fewer 
inversion sites. The results of mini- and micro-satellite primers 
used for genetic analysis, have actually revealed greater genetic 
similarity amongst neem provenances. Thus genomic differences 
across neem provenances, may not be concertedly due to mini-
and micro-satellites. 
High resolution analysis of RAPD profile variation among 
neem provenances 
The predominant applications of RAPD uses a simple agarose 
gel electrophoresis of PCR products followed by staining with 
ethidium bromide fluorochrome to reveal typical profiles of 
bands. This technique is well studied for detection and analysis 
of the most prominent bands in the profiles and is more than 
adequate for most cases of inter-species or intra-species 
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comparisons. However, many workers have sought to increase 
these on polyacrylamide gels and revealing the profiles by silver 
staining. The reported increase in resolution power ranges from 
2-5 fold greater resolution. In the present studies, since the 
regular RAPD analysis of neem provenances have led to a 
conclusion that there is a greater-than-expected similarity 
amongst the provenances, we thought of ascertaining this using 
the high-resolution RAPD analysis too. For this purpose, a small 
sub-set of genotypes, representing individuals of same as well 
as different geographical area, were selected for the study. The 
potential of RAPD was increased by silver staining of 
polyacrylamide gel. The resolution power of PAGE in 
conjunction with silver stain increased the sensitivity of 
detection by 2-5 folds in comparison to Ethidium bromide 
stained agarose gel. The dendrogram obtained in case of silver 
stained PAGE readily separated the genotypes into 2 major 
groups, which were further divided into two minor sub-groups. 
The data grouped the genotypes according to their geographical 
origins which were well defined. Whereas, the Ethidium bromide 
stained agarose method generated a dendrogram which showed 
loose clustering and the sub-groups were not so well defined 
according to their geographic origin. However, even with this 
high-resolution approach the inter-provenance similarities were 
higher than expected, thereby re-affirming our conclusions of a 
narrow genetic base for neem. 
Highlights of the thesis 
The present study is perhaps the first ever study of genetic 
variation in neem provenances. Despite its great value as a 
source of hundreds of chemical compounds, neem has not been 
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analyzed for genetic variation. Consequently, neem improvement 
programs have seemingly been confined to empirical selections 
of neem, and even in this case, there are not many concerted 
efforts. Thus when the census of neem trees is taken in India, it 
will be apparent that most trees are a result of tree-plantation 
drives performed without any regard to seed origin or 
provenance selections. The present study thus represents the 
first ever attempt towards understanding genetic variation in 
neem. Of course, the data generated from this study (nearly 80 
provenances) may not be a true indicator of actual genetic 
variation across the millions of neem trees. Nevertheless, the 
study has resulted in a single major conclusion that in general 
neem provenances selected for the present study may have a 
narrow genetic base. The study has also estimated that this 
narrow genetic base may not be entirely due to random chance. 
Considering that neem has always been reported to be highly 
cross-pollinated, it appears rather surprising to have an 
estimate of low genetic variation. There could be several reasons 
for this. Primarily, as has been stated, sample size may not 
necessarily reflect a true picture of genetic variability in all 
neem provenances. Further, a re-examination of the pollination 
and reproductive biology of neem is also warranted. It now 
becomes necessary to distinguish between self-pollinated, cross-
pollinated and apomictic neem seeds to arrive at a more 
comprehensive estimate of genetic variation in neem. 
The other important feature of the present study has been the 
data obtained in case of five Thailand neem provenances. 
Taxonomists have considered Thai neem to be a different 
species viz. Azadirachta siamensis as compared to the Indian 
neem, viz. Azadirachta indica. It was therefore, expected that in 
the present study, for each and every parameter, the Thai neem 
provenances should be easily distinguished from the Indian 
neem. Several primers do not reveal an overall difference in 
patterns relative to the Indian neem, however, cumulatively, 
these differences were not adequate to separate the Thai neem 
from all the Indian, Pakistan and Nepal neem in the UPGMA 
clusters. Here again, the small numbers of samples and primers 
may have led to this situation. Clearly, there is an ample scope 
and justification for re-discovering this important and highly 
useful tree. 
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PREFACE 
1.1 INTRODUCTION 
Neem (Azadirachta indica), is one of the trees known in the 
Indian sub-continent since antiquity. The ancient Indian found 
many therapeutic uses for the tree and also observed that the 
tree could survive in very dry and arid conditions. With the 
isolation and characterization of azadirachtin and a number of 
other chemicals from seeds, the neem tree is receiving global 
attention. The anti feedant and repellent properties of 
azadirachtin have now been firmly established world over and it 
has become an important chemical in integrated pest 
management. With the growing neem-based industry, the 
demand for quality neem is expected to rise sharply. 
Neem tree is commonly found in South Asia and parts of Africa. 
It is a fast growing tree. As a rule it is a hardy evergreen tree, 
but under extreme conditions, such as extended dry periods, it 
may shed most or nearly all of its leaves. Neem leaves are 
imparipinnately compound, alternate and crowned at the end of 
the branches. The young leaves are reddish-green, gradually 
turning into lush green or dark green. The branches are widely 
spread and the trunk is relatively short and may reach a girth of 
1.5-3.5m (Schmutterer, 1995). According to a recent survey 
(Randhawa and Parmar, 1993), there were about 14 million 
neem trees in India, of which more than half were in 
UttarPradesh state alone and the rest in the states of 
Tamilnadu, Karnataka, Andhra Pradesh, Maharastra and 
Gujarat. 
Even though neem is indigenous and has many reputable 
properties and is a multi-purpose tree, it has generally been, 
neglected by plant scientists in India. No serious attempts seem 
to have been made for genetic analysis. The wide distribution of 
neem tree is indicative of genetic variability that could be 
exploited for selection and improvement of neem. The pattern of 
inter- as well as intra-specific variation needs to be studied and 
evaluated for superior germplasm selection for improvement. 
Most published research has dealt with the isolation, 
identification, formulation and field testing of pest control 
agents derived from the seed kernels and leaves. Emphasis 
needs to be placed on both the species diversity^-and 
intraspecific variability prevalent in the natural range of 
Azadirachta indica, which is widely distributed, and in case of 
Azadirachta siamensis, which is mostly confined to Indo-China 
and Thailand. A number of studies have been reported on 
morphological and phenological variation in neem (Gogate and 
Gujar, 1993), however, there is virtually no data about genetic 
basis for this variation. As for the DNA analysis not even a 
single report was published to our knowledge when this work 
was initiated in 1994. 
Genetic studies of plants, be they as food plants or as model 
systems, have until recent years depended on the phenotypic 
trait and all factors governing it have an important role to play 
in determination of the genotype. This has several times in past 
led to situations where either the genotype is wrongly identified 
or to situations where the genotype could not be identified. With 
the advancements in DNA-based technologies, the concept of 
"molecular markers" came into being and within a short period 
has dominated all genetic markers. Three major DNA-based 
technologies have been most frequently employed in carrying 
out genetic analysis in plants (Ranade and Sane, 1995). These 
include (i) Restriction Fragment Length Polymorphism (RFLP) 
analysis, (ii) DNA Fingerprint Profiling (DFP) analysis and (iii) 
Multiple Arbitrary Amplicon Profiling (MAAP). RFLP is the most 
extensively employed molecular technique where sufficiently 
contrasting genotypes are present. RFLPs have been very 
elegantly employed in determining molecular linkage maps, in 
identifying genes linked to characters of agronomic importance 
and in mapping genes of QTLs or Quantitative trait loci. The 
RFLPs are generally not very informative in identification of 
genotypes within random mating or non-pedigreed populations, 
since the RFLP probes are invariably specific to a single or few 
genetic loci. Hence the RFLPs are considered to be of limited 
application in population genetics. The DFP technology is more 
powerful than the RFLP since, an individual genotype can be 
identified at the molecular level on the basis of an extremely 
high level of polymorphism in the sequence of its DNA (Ranade 
and Sane 1995). 
The exploitation of DNA polymorphism by an ever-increasing 
number of molecular marker technologies has begun to have an 
impact on plant genome research. A limiting feature of nucleic 
acid typing techniques is the requirement of prior knowledge of 
nucleotide sequence or availability of cloned and characterized 
hybridization probes. The ability to produce characteristic 
signature from virtually any nuclei acid without these 
constraints has been made possible by techniques where 
nucleic acids are amplified using arbitrary primers. These 
primers target multiple anonymous sites (amplicons) in nucleic 
acid templates producing signatures (fingerprints) composed of 
arbitrary collections of amplification products (Williams et al, 
1990, Welsh and McClelland, 1990, Caetano-Anolles et al, 
1991). The targeted sites are amplified with one or more short 
oligonucleotide primers either completely arbitrary in nature or 
derived from known terminal, unique, repetitive or dispersed 
sequences. These primers can and do hybridize to, perfectly or 
even partially complementary sites at several loci. The overall 
strategy thus differs considerably from the typical polymerase 
chain reaction (Mullis and Faloona, 1987) in which there is an 
absolute requirement of sequence specificity and primer 
complementarity to defined template regions. In fact this 
requirement excludes the use of typical PCR in cases where 
nucleic acid sequence information is unavailable, as for example 
in case of neem. 
MAAP is a versatile and universal approach for the analysis of 
nucleic acids as demonstrated by many applications and a wide 
range of organisms studied (Caetano-Anolles 1994; Williams et 
ah, 1993, Tingey and delTufo, 1993). Its use has been reported 
in about 300 plant species evenly spread throughout the plant 
kingdom (Wiesing et ah, 1994), including many of commercial 
importance. Its universal nature has made this molecular tool 
invaluable for the survey of diversity and in the study of 
populations. Furthermore, its simplicity and speed has extended 
the analysis to those applications where high throughput is 
needed. 
DNA-based markers are in general, a good choice for studies on 
genetic variation because, 
i) these enable, a more accurate identification of the genotype in 
a given population, 
ii) the detection and analysis of such markers is unaffected by 
environment, 
iii) they enable a better assessment of genetic diversity by 
scoring the occurrence of a larger number of alleles than that 
is possible with the phenotypic markers, 
iv) rapid identification of the "elite" or "desired" genotype 
amongst the test population is also possible and 
v) the number of possible DNA markers is large thereby enabling 
easy saturation of the linkage maps which in turn facilitates 
gene-tagging and marker-assisted gene isolation. 
In the present studies, DNA-based markers were selected for 
genome analysis of neem. The polymorphism resulting from the 
accumulation of various mutations and changes in the genome 
is the rationale behind the various techniques employed in the 
present studies. The changes include sequence insertions, 
deletions, transposition, point mutations, errors in DNA 
replication, duplications, meiotic and other recombinations and 
gene conversions. These changes are detected as polymorphism 
of DNA fragments revealed both by restriction endonuclease 
digestion and DNA probing as well as by DNA amplification. 
Of the various molecular methods discussed earlier, in the 
present studies we have extensively depended upon the PCR-
based methods, primarily because of the rapidity and facility 
with which these methods lead to easily interpretable data. The 
PCR-based method used include RAPD, MP-PCR and DAMD and 
have been discussed in detail in the respective chapters. 
1.2 OBJECTIVES 
The present work as embodied in this thesis was initiated in 
1994 with the broad objectives of, i) characterization of neem 
DNA, 
ii) identification and isolation of sequence specific families and 
iii) determination of the nature and extent of DNA variability. 
Within the framework of these broad objectives, the specific 
objectives for the present thesis were defined as follows: 
1. Optimization of RAPD-PCR 
2. Determination and analysis of genetic diversity in neem using 
RAPD technique 
3. PCR based fingerprinting using minisatellite and 
microsatellite sequences as primers 
4. Determination of inter- as well as intra-geographical group 
relationship amongst neem provenances. 
1.3 SCOPE OF THE THESIS 
The present thesis entitled "Molecular analysis of the genome 
of neem {Azadirachta indica)" embodies results of our 
investigations on genetic relationship amongst various 
provenances of neem. The entire thesis is divided into 7 
chapters, as described below : 
Chapter 1 The present chapter, entitled "Preface" includes the 
introduction to the thesis, objectives and scope of 
the thesis. 
Chapter 2 This chapter is entitled "PCR-based determination 
and analysis of genetic variability in trees" is an 
attempt to review and summarize bulk of the 
published data on the above theme. 
Chapter 3 "Standardization of DNA isolation and RAPD-PCR 
conditions" describes our experiments and results 
thereof towards standardization of experimental 
protocols for neem DNA isolation and its use as a 
template in RAPD-PCR. 
Chapter 4 "Analysis of genet ic diversity in n e e m using 
RAPD technique" describes the determinat ion of 
overall genetic diversity in two popula t ions of neem. 
Chapter 5 "PCR based DFP us ing micro- and mini-satel l i te 
sequences" deals with use of shor t t andem repeat 
and minisatellite core sequences a s pr imers in PCR. 
Chapter 6 "Inter- as well as intra-geographical group 
relat ionship amongst n e e m provenances" 
describes exper iments and resu l t s thereof for the 
determinat ion of genetic variability in small subse t s 
of neem provenances . 
Chapter 7 The overall achievements in the present thesis are 
discussed and the future prospects for this work 
have been outlined, in this chap te r "General 
Discussion". 
References, cited in the text in each of the chap te rs 1 through 7, 
are listed a t the end of the respective chapters . 
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PCR-BASED DETERMINATION AND ANALYSIS OF GENETIC 
VARIABILITY IN TREES 
Biodiversity is the total variability within all living organisms 
and the ecological complexes they inhabit. Information on the 
degree and distribution of genetic variation is essential for 
developing more efficient ways of evaluating and conserving 
biodiversity. Questions of genetic diversity can be addressed at 
several levels. The identification of taxonomic units and 
determination of uniqueness of a species is essential for 
conservation. Question at this level include : Does a particular 
isolate represent a species, a subspecies or a race ? Is it a 
hybrid ? If it is a species how unique is it ? Molecular 
techniques can help in defining the distinctiveness of species 
and their ranking according to the number of close relatives and 
their phylogenetic positions. Similarly, it is also necessary to 
know, how many different classes are present and what their 
evolutionary relationships with wild relatives are. How are 
populations of a given species distributed ? Are they widespread 
or isolated in small patches ? Are they genotypically distinct 
from one another ? How much genetic variation is there ? Is 
there gene flow among them and how is the genetic variation 
distributed among populations ? Multilocus profiling 
approaches can provide extremely useful information for 
questions of this kind. It is on account of these virtues that 
molecular methods are now being increasingly employed in 
biodiversity research. 
Trees are an important phytodiversity resource that m.ankind 
has several uses for. Unlike the crop plants (many of which are 
annuals and have been subjected to intensive selection and 
improvement efforts), trees in general have been difficult to work 
with for selection and improvement. Furthermore, habit and 
habitat of the trees often precludes intensive research efforts 
towards genetic characterization and improvement. Thus some 
of the biodiversity issues in case of trees are much more acute 
than for the crop plants. 
Our laboratory has now taken up these aspects for study and 
research. Under this programme, work on neem, an important 
tree resource of India, was initiated. The present study is a part 
of this work and focusses on the "Molecular analysis of the 
genome of neem". In the following paragraphs, the existing 
literature on neem in particular, and PCR-based determination 
of genetic variation in trees in general has been described. 
Thereafter, in the subsequent chapters, the results of our 
experimental work has been described in detail. 
2.1 GENERAL SURVEY ON NEEM 
Azadirachta indica commonly known as neem is well-known in 
India and neighboring countries for more than 2000 years. A 
related species Azadirachta siamensis with similar properties 
grows in Thailand. The generic epithet Azadirachta is derived 
from "Azad-drakath", the name of Melia azedarach to which 
neem is allied (Parker, 1933). The first edition of Species 
Plantarum by Linneaus given in 1753 contains two 
representatives of the family Meliaceae, Melia azedarach and 
Azadirachta indica. Linneaus renamed Azadirachta indica as 
Melia azadirachta. Neem was separated from the genus Melia to 
Azadirachta by A. de Jussieu in 1830 on account of its one-
celled, one-seeded nut. 
The currently accepted taxonomic position of neem is as follows: 
Order Rutales 
S. order Rutineae 
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Family 
S. family 
Genus 
Species 
Melicaceae 
Melioideae 
Azadirachta 
indica 
The Thai neem tree, A. siamensis (VAL.), was formerly called in 
the literature A. indica var. siamenses VAL., since it was 
considered to be a variety of the Indian neem tree. However, it is 
now proposed that it should be regarded as a distinct species, 
as a number of morphological, anatomical, biological, 
phytochemical and other features, including pest infestations, 
show a clear differentiation between A. siamensis and A. indica. 
2.1.1 Botanical characteristics of neem 
A. indica is a fast growing plant that usually reaches a height 
of 15-20 m and under very favorable conditions up-to 
approximately 35-40 m. As a rule it is an evergreen tree, but 
under extreme conditions, such as extended dry periods, it may 
shed most or nearly all of its leaves. The branches are widely 
spread. The fairly dense crown is roundish or oval and may 
reach a diameter of 15-20 m in old trees. The trunk is relatively 
short, straight and may reach a girth of 1.5-3.5 m. The bark is 
hard, fissured or scaly, and whitish-grey to reddish-brown in 
colour. The root system consists of a strong tap root and well 
developed lateral roots. The lateral surface roots may reach over 
18 m length (Benge, 1989). The unpaired, pinnate leaves are 20-
40 cm long and the medium to dark green leaflets, are 
approximate 3-8 cm long. The terminal leaflet is often missing. 
The petioles are short. Very young leaves are reddish to purplish 
in color. The shape of mature leaflets is more or less asymetric 
and their margins are dentate with the exception of the base of 
their basiscopal half, which is normally very strongly reduced 
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and cuneate. The white, fragrant flowers are arranged in 
axillary, normally more-or-less drooping panicles which are up-
to 35 cm long. The inflorescence, branches upto third degree 
and bears approximately 150-250 small flowers (Gruber, 1991). 
An individual flower is 5-6 mm long and 8-11 mm wide. The five 
petals are 5-5.5 mm long and 2 mm wide. Protandric bisexual 
flowers and male flowers exist on the same individual 
(polygamous). The glabrous fruits are olive-like drupes which 
vary in shape from elongate oval to nearly roundish and when 
ripe are 1.4-2.8x1.0-1.5 cm. They are green when young and 
yellowish-green to yellow when mature, having one, rarely 2 and 
very rarely three elongated seeds with brown coloured testa. 
A.siamensis also usually grows to a height of approximately 
15-20 m. It has, relatively few branches and an open crown. The 
bark of older tree is grayish and longitudinally fissured. The 
leaves are unpaired and measure upto 45 cm in length. The 
color of the leaflet is medium to dark green, the petioles are 
short. The shape of the leaflet is assymmetric, the margins are 
more or less crenate, sometimes even and nearly entire. The 
basiscopal half is reduced and euncate, the tip pointed. The tree 
produces small white flowers arranged in relatively dense 
panicles. 
2.1.2 Distribution 
A. indica is believed to be a native of upper Burma (Brandes, 
1905) and possibly to the Siwalik, Deccan and other parts of 
South India (Duthie, 1903; Parker, 1933). Neem has been 
recorded growing wild in the Siwalik hills and in the dry forests 
of Andhra Pradesh, Tamil Nadu and Karnataka (Anon., 1985). 
Although neem is not categorized as a forest tree, it seems to 
have become widely spread all over India except in the foothills 
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of the Himalayas. The tree has spread to Pakistan, Bangladesh, 
Sri Lanka, Malaysia, Indonesia, Thailand, Middle East and 
Sudan (Jussieu, 1830). Presently neem is widely grown in arid, 
semi-arid, wet-tropical, tropical and sub-tropical regions of 
Indian sub-continent. Such a wide adaptation and tolerance to 
varied soil and climatic conditions indicate its high degree of 
heterozygosity. Indian settlers have introduced neem in the 
African countries. It is now abundant in the tropical belt from 
Somalia in the east to Mauritiana in the west. It was taken to 
Fiji islands and has spread from there to other Islands in the 
South Pacific. Neem is reported to occur in Trinidad and other 
West Indian Islands and also in some countries of Central and 
South America. Large scale plantations of neem trees have been 
planted outside Mecca for providing shade to pilgrims. On the 
other hand, A. siamensis indigenous to Thailand, grows in most 
parts of the country (Lauridsen et ah, 1991) and is found in 
settlements on dams, in rice fields and on termite mounds. 
Apart from Thailand, the tree most probably exists in the 
neighboring countries, such as Myanmar (Oo, 1987), but these 
seem to be either other similar species or hybrids of A. spp. 
which are not clearly defined. 
2.1.3 Cytogenetics 
Two different chromosome numbers have been recorded for 
neem. Mangenot (1958) and Styles and Vosa (1971) counted 
2n=30 in root tip mitosis, whereas Pathak and Singh, 
Mukherjee and Deshmukh (1949, 1952 and 1959), had earlier 
reported 2n=28 or n=14. Neem is known to be variable in 
habitat, therefore, further counts need to be made from 
naturally occuring populations of the species to find the reason 
for this discrepancy (Styles and Vosa, 1971; Mehra et al, 1972). 
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2.1.4 Usefulness of neem 
Neem is known in India and neighboring countries for more that 
2000 years. In villages the beneficial properties of neem were 
appreciated for a long time. The Sankrit name of the neem tree 
is "Arishtha!', which means reliever of sickness. For centuries 
the fruit, leaves, oil, bark and roots of the tree were used in 
A5airvedic and Unani medical treatments. 
Neem, has been a highly esteemed tree for the people in the 
Indian sub-continent. For centuries its derivatives have found 
use in agriculture, public health, medicine, toiletries, cosmetics 
and livestock production and health. The tree has been 
considered so valuable and miraculous that it became a major 
and an inseparable component of the Indian ecosystem. In the 
countryside, the tree is a common sight on the roadside, 
agricultural fields and residential backyards. From an initial 
caution and sceptism, neem has now been universally accepted 
as a wonder tree. The ever new information being generated on 
it by the modern format of science is only confirming the 
writings enshrined in the ancient Indian literary classes. Its 
mammalian safety and environment friendliness reports are 
highly encouraging. Its bio-activity spectrum against the 
harmful organisms is ever increasing. From a tree for solving 
the problems of the underdeveloped third world, it is becoming a 
much sought after commodity even by the elite nations of the 
world. 
As a pesticide : The primary objective of neem research is to 
develop rapidly degradable, safe and effective pesticides. Some 
200 limonoids have been isolated from the oil, seeds, bark and 
leaves of neem. Azadirachtin is one of them. Azadirachtin and 
other limonoids such as meliantriol and salanin extracted from 
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neem are quite effective against insects even in minute 
quantities. Azadirachtin repels insects, inhibits their feeding 
and affects their hormonal balance, it also disrupts the 
metamorphoses of several insect larvae, thereby preventing the 
new generation to come up. Salanin is much more effective than 
the synthetic chemical diethyl toulamide widely used in many 
insect repellents. Neem is known to resist more than 200 
species of insect, mites and nematodes, on account of the 
presence of these limonoids. 
In agriculture : The neem cake, which is the kernel residue 
obtained after oil extraction has multiple uses in agriculture, 
poultry and animal husbandry. Neem cake is a much richer 
fertilizer than farm yard manure. When neem cake is added to 
soil, in addition to its nutritional functions, it keeps soil insects, 
nematodes and certain fungi at bay. It also helps in retarding 
the activity of nitrifying bacteria, which convert fertilizers into 
useless nitrogen gas that gets liberated into the atmosphere as 
well as into highly soluble nitrates that are leached out of the 
soil. Triterpenes, a useful component in neem cake checks this 
nitrification process, and provides the plants with more nitrogen 
from the same amount of fertilizers. Neem cake is fed to cattle, 
which is highly nutritious and consists of many amino acids 
required for growth and development. 
In medicine : Neem seed extract, including neem oil, neem leaf 
extract and extracts from bark and roots are widely used in 
India in A5airvedic medicine, Unani and Homoeopathic 
medicine. The most frequently mentioned illnesses treated were 
digestive illnesses, followed by malaria, fever and haemorrhoids. 
Other illnesses mentioned included headaches, ear, eye and 
heart problems. Neem preparations have been used to treat 
blood disorders, hepatitis, eye diseases, cancer, ulcer, 
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constipation, diabetes, indigestion, sleeplessness, stomach 
ache, boils, burns, cholera, gingivitis, measles, nausea, 
snakebite, rheumatism and syphilis (Jacobson, 1989). Neem 
products with these reported activities are now available 
commercially (Koul et at, 1990; Jacobson, 1989). 
2.1.5 Research work on neem in India 
In India, research on neem has been both sporadic and 
scattered. Though neem is native to India and pioneering work 
has been done here until 1960's on the commercial use of neem 
oil and neem cake, the center of neem research has since 
shifted to other countries. In 1920 the work started on the 
possible commercial use of neem oil and neem cake was carried 
out by one of the premier institutions, namely the Indian 
Institute of Science, at Bangalore. Until 1933, neem cake was 
used in sugarcane fields as a fertilizer and to keep termites at 
bay. Scientists from India isolated nimbin (Siddique, 1942) a 
limonoid and azadirachtin (Govidachari, 1992; Venkateswarlu 
and Mukhopadhyaya, 1999) from neem. In the 1960's the 
Indian Agricultural Research Intitute (lARI), New Delhi started 
working on insecticidal properties of neem. Research finding on 
neem was transferred from laboratory to land of Central 
Tobacco Research Institute (CTRI) in Andhra Pradesh, when it 
was demonstrated to the farmers that an aqueous suspension 
of neem seed kernels effectively repelled the tobacco caterpillar 
(Spodoptera litura), a major pest (Thimakapura, 1993). To 
consolidate the growing scientific information on neem in India, 
lARl hosted a National Seminar on 'Neem in Agriculture' in 
1983. The seminar focused attention on the multifaceted 
aspects of neem research and its utilization. 
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The importance of neem has been recognized by USA and 
European countries. The 10 year period (1985 to 1995) 
according to the relevant databases, has been marked by a 
veritable deluge of US and European patents on neem related 
products. Some 28 patents were filed in that period in USA, of 
which 15 were filed in just 16 months between January 1994 
and April 1995, almost at the rate of one every month. Only 3 
patents have been obtained by India in year 1993 to 1995. 
During the last two decades, neem has once again attracted the 
attention of the scientific community. 
2.1.6 Why neem was selected for the present study? 
Most published research has dealt with the isolation, 
identification, formulation and field testing of pest control agent 
derived from the seed kernels and leaves. As far as the genetic 
resource is concerned neem is an untapped tree. There are 
various questions, which need to be addressed. Studies related 
to selection of superior trees, provenances and other genetic 
improvement are lacking. The wide distribution of neem trees is 
indicative of the presence of genetic variability which could 
become a good source for making selection for the required trait 
for their improvement. There are certain aspects, which need to 
be investigated further so as to achieve successful commercial 
exploitation of neem. The first and foremost need is to identify 
clearly the plant species, which are commonly referred to as 
neem and are used by different workers. By determining their 
relative efficacy, it will be possible to assign priorities and select 
the best variety for detail investigation. According to Morgan 
(1981), there is a marked difference in the yield of eizadirachtin 
from neem seeds when collected from various sources. This 
shows that there is a lot of scope to make selections and genetic 
improvement, as natural variability is available for this trait, 
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Ermel et al. (1984) have worked on the analyses of the 
azadirachtin content of neem seed from ecotypes of Asian and 
African origin. 
No information is available on species diversity in neem. Studies 
on genetic variation have not been carried out in its native Indo-
South eastern Asian region and in countries of introduction 
such as Africa. Neem was introduced in the past without any 
consideration to seed origins. Tree-to-tree and provenance 
variation both within a region and between different regions, 
therefore needs to be analyzed. Land races and taxonomic 
varieties of the species, where they exist, must be identified, 
collected and evaluated. A proper search and survey of wild 
distribution range of neem in specific regions of India is 
required to be undertaken to confirm and map the species and 
to determine the extent and pattern of genetic variation present 
within it. 
It was in this background that the present work on 
determination of genetic variations amongst neem provenances 
was initiated in 1994. As has already been stated in Chapter 1, 
the molecular techniques, in particular the PCR-based method, 
are employed for the determination of neem genetic diversity. 
In the following section, a brief account has been given about 
the various molecular techniques and their application to the 
study of other trees. 
2.2 MOLECULAR APPROACHES IN THE ASSESSMENT OF 
GENETIC VARIABILITY 
Traditional approaches to the measurement of diversity rely 
upon the ability to resolve differences in morphological 
characters. The range of characters available may be increased 
by the use of electron microscopy or biochemical and phyto-
chemical assays. Introduction of molecular biology methods into 
plant improvement has provided contemporary plant breeders 
with a powerful tool for direct analysis, manipulation and 
targeted modification of genomes. 
Protein markers : "Molecular phenotyping" of genome was well 
established by studying polymorphism of protein and isozyme 
systems, the strategy of which is still widely used (Wiesner et 
al, 1993). The enzyme or proteins when loaded on 
polyacrylamide gel and subjected to electric field, migrate 
through the gel with a mobility that is a function of their electric 
charge and molecular size. The variation in banding pattern of 
same protein, between individuals can be directly equated to 
variation at the gene level too. Under these condition the pattern 
of isozymes are treated as phenotypes and investigated through 
genetic tests that determine which bands are products of alleles 
and which are specified by genes at different loci. Scoring of 
these proteins and isozymes, however, is not reliable at all times 
since these are substantially influenced by environmental 
factors. Consequently, these markers also seem to have 
limitations in genetic studies. Besides the distribution in 
accurate heritable reproduction, phenotypic markers suffer from 
their low numbers that are amenable to routine analysis. For 
instance, the number of isozyme marker is limited by the 
number of known biochemical assays to detect enzymatic 
activity (usually location on the electrophoretic gel is required) 
and is guessed to be around 100 (Tanksley, 1983). On the other 
hand, the number of polymorphic regions within the eukaiyotic 
genome is several order of magnitudes higher. To avoid the 
environmental impact, markers developed directly from DNA-
based can be used (Tingey and delTufo, 1993) 
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DNA based markers : DNA polymorphisms can occur anywhere 
in the genome including coding and non-coding, single-copy or 
repetitive DNA. Genome sizes differ considerably even among 
closely related species and large proportions of the DNA of one 
species may have no equivalent in another one. More and more 
cases of intra-specific genome size variation are found which 
may contribute considerably to differences in the levels of 
polymorphism. For these reasons, we can expect to get very 
different figures for such global measures of genetic variability 
as the percentage of polymorphic loci and the degree of 
heterozygosity depending on the kind of markers used to 
determine them. 
The most exciting property of DNA polymorphism is that they 
provide direct experimental access to the region marked by 
them and its function. The marker need not stand for an 
character itself. This property of DNA markers makes them 
invaluable tools for an urgent experiment-based reconsideration 
of the relationship between genetics and whole-organism 
physiology and development. Two basic question arise when 
dealing with DNA markers; 
1. Which regions throughout the genome are polymorphic or 
hypervariable or in the other words with high mutation 
frequency (and thus suitable for generation of DNA markers) 
and where are they located? 
2. Which strategies may be designed to reveal such a 
polymorphism, and consequently, to generate markers ? 
To answer these questions various approaches have developed 
and these will be discussed in the subsequent paragraphs. 
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2.2.1 Rationale behind use of molecular approaches 
Eukaryotic DNAs have many repeated sequences. Enzymes can 
cleave, both, within and outside the repeat units. Enzymes 
cleaving outside the repeat unit will separate out blocks of 
repetition. These blocks are of different lengths due to difference 
in numbers of the repeat units in them. Lengths of such blocks 
can differ amongst individuals in a population. Probes 
hybridizing to the repeat units within these blocks thus reveal 
polymorphic fragments in a pattern that is characteristic of the 
genotypes. By selecting appropriate probes and enzyme it is 
possible to catalogue polymorphic profiles for each individual in 
the population. This is the basis for assessment of diversity by 
using DNA probes. 
In case of PCR based amplification, each amplification product 
is expected to result from occurrence of two primer annealing 
sites in opposing strands within an amplifiable distance of each 
other. Further, the number of amplification products for a given 
primer and template DNA is influenced by the genome size and 
primer length. In actual practice, the primer length is invariably 
very short (5-10 bases) and consequently for most of the 
eukaryotic genomes, the expected number of products is very 
large. The differences between two genotypes due to mutations 
that inhibit primer annealing or create newer stable primer 
annealing sites, and/or due to insertion/deletion of sequences, 
are also reflected as differences in lengths of amplification 
products. The actual number of amplified fragments is in 
general, much less than that predicted by theoretical 
considerations because all the annealed primers do not produce 
a discrete fragment after amplification. This is the basis of 
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detection, and hence determination, of genetic variability by 
PCR-based techniques such as RAPD or AFLP or DAF. 
2.2.2 Nature of DNA polymorphism 
DNA sequences may be arranged in a single copy, mid-repetitive 
or highly repetitive sequences with quite different constraints, 
i.e. coding, regulatory or non-coding. Hence, different rates of 
evolution and levels of variation arise (Schaal et ah, 1991). There 
are several factors playing roles in shaping local levels of DNA 
sequence variation besides the functional constraint such as 
variation in mutation rate, different form of selection and 
recombination rates (Begun and Aguadro, 1992). Moreover, 
there is a very strong correlation between local DNA 
conformation and local DNA polymiorphism, hence, any base 
substitution may mean a failing in function such as capability 
of protein binding (Harrington, 1992). There are various regions 
in the eukaryotic genome which are variable and could 
contribute to be the source of polymorphism. Some of these 
regions are discussed as follows : 
Organelle DNAs : Mitochondrial DNA and Chloroplast DNA 
represent a part of isolated total genomic DNA. When variability 
of plastid and mitochondrial genome is compared, mitochondrial 
genome (size range 210kb-2500kb long) is found to be much 
more complex with occurrence of various repetitions mutually 
recombining, whereas the plastid genome (size range 70-150kb) 
harbors usually 20kb of inverted repetitive region flanked with 
unique gene copies. Thus, the basic structure of the 
mitochondrial genome is considered as inherently more 
variables than the plastid genome (Walbot and Cullis, 1985). 
However, both of the organelle genomes may contribute to 
overall DNA polymorphism. 
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rDNA : rDNAs are nuclear gene sequences that code for the 
ribosomal RNAs, 5S, 5.8S, 17S and 25S RNAs. These coding 
sequences are separated by the intervening spacer regions, and 
together, the two regions constitute the ribosomal cistrons. 
rDNA belongs to mid-repetitive sequences with 1400-60,000 
copies per genome. Individual genes are arranged in tandem 
repeats and may occur at one or several sites throughout 
genome (Long and Dawid, 1980). Variation within coding region, 
if any, is caused by methylation. On the other hand the highly 
variable inter-genomic spacer may even be the site of mitotic 
crossing over which results in somatic variation (Schaal et al, 
1991). It means that DNA markers derived from rDNA may show 
differences even within one individual plant. The coding regions 
of rDNA are suitable for phylogenetic studies whereas noncoding 
spacers are potent in discrimination of individuals (Schaal and 
Learn, 1988). 
tRNA : tRNA genes occur in multicopies dispersed throughout 
the genome (Long and Dawid, 1980). There are shared sequence 
motifs of tRNA genes as well as variable region fingerprints. The 
tRNA genes are likely to give relatively complex fingerprints that 
vary at the species or even genus level, as these genes are 
relatively stable over evolutionary time scale (Welsh and 
McClelland, 1991). 
Satellites : (a) Minisatellites- It is, a type of repetitive sequences 
composed of tandem repeats of a distinct core usually of 10-
30bp long (consensus sequence) with medium to high 
variability. Minisatellites occur throughout eukaryotes including 
plant kingdom and are very suitable for DNA fingerprinting, (b) 
Microsatellites- Eukaryotic genomes are densely interspersed 
with simple sequences which consist of stretches of tandemly 
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repeated nucleotide motifs as short as l-4bp (Tautz and Renz, 
1984). Such region, have been termed as microsatellites (Litt 
and Luty, 1989). They show extensive polymorphism due to site-
specific length variation as a consequence of the occurrence of 
different number of repeat units. A survey of published DNA 
sequence data for the presence of dinucleotide and trinucleotide 
microsatellites revealed that they are widely distributed in 
higher plants (Wang et at, 1994). 
2.2.3 Molecular technique used for analysis of genetic 
variability 
Eukaryotic and prokaryotic organisms can be distinguished at 
the DNA level by detecting variations in DNA sequences through 
either of the 2 major DNA based technologies. These 
technologies are believed to have the maximum potential for 
tracing such genetic variations in natural populations and have 
actually been employed for the same too. These include 
1. Molecular hybridization-based techniques, namely, (i) 
Restriction Fragment Length Polymorphism (RFLP); and (ii) 
DNA Fingerprinting Profiles (DFP). 
2. DNA-Amplification based techniques included in the generic 
descriptor. Multiple Arbitrary Amplicon Profiling (MAAP). These 
techniques reveal variations that result from the accumulation 
of various mutations and changes in the genome. These 
changes include sequence insertion, deletions, transpositions, 
point mutations, errors in DNA replication/duplication, meiotic 
and other recombinations and gene conversions. Caetano-
Anolles (1994), has suggested grouping of 3 different techniques 
under this descriptor. These include, (i) Random Amplification 
of Polymorphic DNA/ Arbitrary Primed PCR (RAPD/AP-PCR); (ii) 
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Amplification Fragment Length Polymorphism (AFLP) and (iii) 
DNA Amplification Fingerprinting (DAF) 
These techniques will be briefly described, while the RAPD 
technique will be described in greater detail, in the following 
paragraphs. 
RFLPs- are generally detected in case of sufficiently contrasting 
genotypes and are thus primarily useful in mapping the genes 
along the chromosomes. These have, therefore, proved to be 
invaluable in linkage mapping projects. In the case of plants, 
RFLPs have been elegantly employed in determining molecular 
linkage maps, in identifying genes linked to characters of 
agronomic importance and in mapping genes of Quantitative 
Trait Loci or QTLs (Young et al, 1988; Patterson et al, 1990). 
The RFLPs are generally not very informative in identification of 
genotypes within random-mating or non-pedigreed populations, 
since the RFLP probes are invariably specific to a single or few 
genetic loci. Hence the RFLPs are of limited application in 
population genetics and bio-diversity studies. 
DFP- technology is more powerful than RFLP since it is capable 
of resolving even individual-specific polymorphic patterns. As a 
result of this, it is possible to trace gene flow amongst the 
individuals in a population and thus establish genetic 
relatedness. This technology has been employed for a variety of 
genetic analyses including population genetics for 
biosystematics and phylogenetics, for mapping genes at the 
molecular level, for identification and typing of pathogens and 
for assessment of biodiversity (Ranade 1995; Sane and Ranade 
1996). The individual-specific profiles can be very easily 
employed in qualitative analysis of genetic diversity in natural 
populations. 
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RFLP and DFP technologies have been reviewed extensively (de 
Verna and Alpert 1990; Walton 1990; Weising and Kahl 1990; 
Singh 1991; Smith and Smith 1992; Young 1992; Nybom 1993, 
1994; Ranade 1995; Ranade and Sane 1996; Sane and Ranade 
1996). 
MAAP- The technique of in vitro amplification of specific DNA 
sequences also called as Polymerase Chain Reaction (PCR) 
discovered by Mullis and Faloona (1987) has added a new 
dimension to the genetic analyses. The principle of PCR is very 
simple. There are two oligonucleotide primers, either of them is 
designed to be complementary to the opposite end of the target 
DNA sequence to be amplified. DNA strands are copied with an 
exponential increase in the amount of the sequences, using 
thermostable DNA polymerase. Such amplification reactions 
required the sequence information from the template DNAs in 
order to enable the design of primers. For a rapid genetic 
analysis, this type of amplification reaction was not practically 
feasible and furthermore, it required specialized knowledge of 
DNA sequence determination. It was in 1990 that 2 groups 
working independently of each other published a modification of 
the basic PCR technique that overcame the limitations, due to 
the need for sequencing, of the basic PCR process for carrying 
out genetic analyses. This modification involved the use of a 
single short (5 to 10 nucleotides long) arbitrary or random 
sequence primer in low stringency amplification reactions which 
resulted in a high degree of polymorphic profiles (Welsh and 
McClelland 1990; Williams et al, 1990). This modification made 
possible the amplification of virtually any template, independent 
of availability of nucleotide sequence data for that template. It is 
not at all surprising then, that within a span of 8-9 years, this 
technology has completely revolutionized our approach to 
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genetic analyses. Three different methods are available for 
carrying out amplification reactions and for obtaining genetic 
information using the arbitrary sequence primers. These have 
been independently described as Random Amplification of 
Polymorphic DNA (RAPD, Williams et al, 1990), Arbitrarily 
primed PCR (AP-PCR, Welsh and McClelland 1990) and DNA 
Amplification Fingerprinting (DAF, Caetano-Anolles et al, 1991). 
Essentially, in all of the three methods, amplification is carried 
out with a short arbitrary or random sequence primer, generally 
used singly in each reaction. Several sites of primer annealing 
on both strands are possible for a large eukaryotic DNA. 
Whenever, 2 primer sites are present within an amplifiable 
distance of each other on the opposite strands, discrete 
products are formed, the number and size of which depend on 
the genome size and the amplification conditions. Considering 
these essential similarities in the three methods, recently 
Caetano-Anolles (1994) has suggested a grouping of the three 
techniques under a single descriptor, namely. Multiple Arbitrary 
Amplicon Profiling (MAAP). 
AFLP-A novel PCR-based DNA fingerprinting technique, AFLP, is 
based on the selective PCR amplification of restriction fragments 
from a total digest of genomic DNA. The technique involved 3 
steps. 
(1) Restriction of the DNA and ligation of oligonucleotide 
adapters. 
(2) Selective amplification of sets of restriction fragments. 
(3) Gel analysis of the amplified fragments. 
PCR amplification of restriction fragments is achieved by using 
the adapter and restriction site sequence as target sites for 
primer annealing. The selective amplification is achieved by the 
use of primers that extend into the restriction fragments, 
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amplifying only those fragments in which the primer extensions 
match the nucleotides flanking the restriction sites. Using this 
method, sets of restriction fragments may be visualized by PCR 
without knowledge of nucleotide sequence. This method allows 
the specific co-amplification of high numbers of restriction 
fragments. The number of fragments that can be analyzed 
simultaneously depends on the resolution of the detection 
system. Typically 50-100 restriction fragments are amplified and 
detected on denaturing polyacrylamide gels. The AFLP 
technique provides a novel and very powerful DNA fingerprinting 
technique for DNAs of any origin or complexity. 
AFLP technique has been applied for assessing genetic diversity 
in various plants like Bermuda grass (Zhang et al, 1999), maize 
(Marsan et al, 1998), rice (Zhu et al, 1998), olive (Angiolillo et 
al, 1999) coconut (Perera et al, 1999). Inter- and intra-species 
genetic relationships have been analyzed in case of wheat 
(Barrett et al, 1998), Arabidopsis thaliana (Breyne et al, 1999), 
soybean (Maughan et al, 1996), Eucalyptus urophylla (Gaiotto 
et al, 1997), barley (Schut et al, 1997), rice (Aggarwal et al, 
1999). AFLP fingerprinting has been reported in case of 
sunflower (Hongtrakul et al, 1997), Alstroemeria sp (Han et al, 
1999). Population analysis has been reported in case of rice 
(Maheswaran et al, 1997), tea (Paul et al, 1997). AFLP analysis 
has been carried out in case of tissue culture regenerated 
somatic embryos of pecan for detection of variation (Vendrame 
etal, 1999). 
2.3 RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) 
The RAPD markers are simple to generate, do not require prior 
knowledge of the genome being studied and represent allelic 
differences, which are traceable in inheritance studies. The 
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technology is also versatile and universal (Caetano-AnoUes, 
1994) and has been employed in diverse applications in a 
number of crops, plants, trees and lower organisms. These 
applications include studies on genetic diversity, phylogeny and 
systematics. RAPD technology has been reviewed with reference 
to its experimental strategies, genetic analyses and applications 
in plant and microbial genome analysis (Newbury and Ford-
Lloyd 1993; Tingey and del Tufo 1993; Samec 1993; Caetano-
Anolles 1994; Ranade 1995; Ranade and Sane 1995). 
In our study for neem genetic analysis RAPD technique has 
been used. Hence, this technique has been reviewed in greater 
detail. 
Features of RAPDs : RAPD technology has resulted in 
considerable advances in our understanding of the plant genetic 
systems. As a technology it has its own advantages and 
disadvantages. The list of applications is truly long and 
impressive. Some of the reasons for this are discussed below. 
[1] RAPD analysis is technically simpler. It comprises of DNA 
extraction, an assessment of DNA concentration, 
incubation of several components in a thermal cycler and 
finally gel electrophoresis. DNA template required need 
not be substantially purifed, so rapid methods for DNA 
isolation can also be used. 
[2] In case of RAPD analysis, the primers are short 
oligonucleotides, which can be obtained from commercial 
companies or quickly synthesized using suitable 
equipment. 
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[3] Because of reduced number of steps in RAPD analysis, the 
results are obtained in a much shorter time period. In fact 
Neale and Sederoff (1991) have reported that their group 
constructed a genetic map of loblolly pine with 200 
markers in just 60 days. 
[4] RAPD depends upon amplification, hence the starting 
amount of DNA used in RAPD reaction is very low and 
this can be easily obtained from small amounts of tissue. 
Even DNA from a single cell is enough for RAPD reaction 
(Brown et al, 1993). 
[5] The mean frequency with which variation is detected is 
higher per primer using RAPD technique than it is per 
probe using RFLP technique. 
[6] RAPD is quite open to automation for processing of a large 
number of samples necessary for mapping technologies 
(Reiter et al, 1992). 
[7] There is no known limitation of RAPD with respect to the 
template DNA that can be used and DNA from virtually 
any organism may be analyzed. 
[8] RAPD analysis, in general, does not require the use of 
radioactive probes unlike in case of RFLP analysis. 
Consequently, RAPD technique is easily adapted to 
routine usage. 
Of course there are a few disadvantages or problems associated 
with RAPD technique as indicated below. 
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[1] RAPD, because of the enormous amplification of very low 
initial quantities of DNA sequences as in all PCR based 
techniques, is prone to artifacts caused by contamination 
of the reaction mixture by foreign DNA. 
[2] In the analyses of RAPD data it is usually assumed that co-
migrating DNA fragments are identical. In genetic terms, 
this means that co-migrating fragments may not be 
allelic. This does not allow the discrimination between 
plants that are homozygous or heterozygous for a 
particular amplifiable sequence, since in both cases a 
band of same size is observed. It is not reasonable to 
expect a difference in band intensity due to the presence 
of twice as much target sequence in the homozygote since 
it is marked by many cycles of DNA copying that takes 
place during PCR. 
[3] The primer annealing is invariably under low stringency 
conditions and this results in faint bands interspersed 
with prominent bands. These faint bands are generally 
thermocycler and template dependant and are thus not 
always reproducible or consistent. This is in fact a major 
drawback with RAPD technology that has precluded 
reproducibility of results across different laboratories and 
research groups. 
Despite these drawbacks, the RAPD technology has quickly 
gained widespread acceptance and application because it has 
provided a tool for genetic analysis in biological systems that 
have not previously benefited from the use of molecular markers 
as discussed in the next section. 
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2.4 APPLICATIONS OF RAPDs IN GENETIC ANALYSIS OF 
TREES 
The essential feature of using RAPD, is the identification of 
polymorphism by the detection of differences in DNA occuring 
between individual plants. The most important aspect of this 
polymorphism is that it can be mapped as a standard genetic 
marker. RAPD technology has been used/employed in diverse 
applications in a number of crop plants, trees and lower 
organisms. These applications include studies on (i) genetic 
diversity, phylogeny, systematics, and population genetics, (ii) 
development of genetic linkage maps, (iii) targeting genetic 
markers, and (iv) few other applications such as germplasm 
screening, evaluating gene introgression and inbreeding. Its 
applications are so diverse and extensive that all of it cannot be 
reviewed. Here only the use of RAPD marker in evaluating 
genetic diversity in case of tree has been reviewed. Trees include 
some of the oldest, largest and most diverse living organisms. 
The long generation times in case of trees makes genetic studies 
and breeding a slow process. RAPD markers makes it possible 
to study existing trait variation in population and families 
without long term control breeding experiment. The application 
of RAPD in genetic diversity, fingerprinting, phylogeny, 
systematics, tissue culture and population genetics in case of 
tree species are discussed in detail in the following paragraphs. 
Phylogeny and Systematics: Amplification with RAPD primers 
is sensitive to even single base changes in the primer target 
sites. This feature suggests that RAPD should be highly useful 
for phylogenetic analysis among closely related individuals. In 
case of Cranberry, pedigree and genetic relatedness studies 
have been made by Novy and Vorsa, 1996. Molecular phylogeny 
of mangrove species Acanthus ilicifolius Linn (Acanthaceae) has 
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been assessed at the intraspecies level by Lakshmi et al, 1997. 
In case of Citrus sp. phylogenetic studies have been made 
(Federici, etal, 1998). 
Intra- and inter-species variability : From the various studies 
made, it can be seen that RAPD primers are not only useful for 
distinguishing species, but also particularly useful for 
discriminating between different accessions or provenances or 
cultivars of same species. 25 accessions of mango were studied 
by RAPD-profiling for germplasm classification and clonal 
identification (Schnell et at, 1995). In case of Picea abies RAPD 
patterns were used for clonal verification and in studying 
relationships amongst 9 provenances (Scheepers et al, 1997). A 
library of RAPD fingerprints of 96 clones were established, 
which will serve as a reference source in case of litigation 
concerning clone identity. Hetrozygosity in three cultivars of 
Ribes nigrum L. was reported by Lanham et al. (1996). Genetic 
variation among 43 Phoenix: dactylifera L. accessions reported 
by Sedra et al. (1998), who further showed that the 
morphologically similar varieties clustered together. Genetic 
relationship within Theobroma cacao species and the 
organization of its genetic diversity was reported by Lerceteau et 
al. (1997), where 155 cocoa trees belonging to different 
morphological groups and of various geographic origins were 
studied for its genetic relationship on the basis of genetic 
distance matrices. Genetic variation at RAPD loci in sessile oak 
Quercus petraea (Matt) Liebl has been reported by Lecorre et al. 
(1997). 
Detection and pattern of interspecific hybridization between 
Gliricidia sepium and G. maculata in meso-America was revealed 
by RAPD-PCR based assay (Dawson et al, 1996). Orozco-
Castillo et al (1996), have reported taxonomic relationships 
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within the genus Coffea. Genomic regions differentiating 
Quercus petraea and Quercus robur were detected using random 
primers on 22 trees of each species sampled in 11 natural 
population. Only two percent of the amplified fragments 
exhibited significant frequency differences between the two 
species and none of them was specific to a species (Bodones et 
al, 1997). Morphological, molecular and cytological analysis of 
Carica papaya X Carica cauliflora interspecific hybrid has been 
reported by Magdalita et al. (1997). Specific breeding ability 
between two species of Eucalyptus were studied by Baril et al. 
(1997). Intra- and inter-specific variation in Avicennia 
mangroves has been revealed by RAPD markers by Parani et al. 
(1997). Genetic similarity among 35 Citrus sp. accessions 
including 10 species and 7 hybrids was determined. The RAPD 
obtained with 22 primers were sufficient to generate some 
accession specific markers and separated these accessions into 
several clustering groups (Coletta-Filho et al, 1998). 
The numbers of primers per genotype to be studied are 
apparently correlated to whether intra-species or inter-species 
comparisons are to be made. In general, for inter-species 
comparison, in order to reveal high extent of polymorphism, 
large numbers of primers have to be surveyed as compared to 
that in case of the intra-species comparisons. In the case of 
cross-pollinated genotypes, a lesser number of primers appears 
to be adequate to reveal high variability. Furthermore, in the 
various studies reported for both, intra- as well as inter-species 
comparison, the extent of variability revealed by RAPD is 
generally high in case of wild species or varieties. The more a 
variety or species is selected for intensive cultivation, the less is 
the extent of FJAPD variation that can be determined. 
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Tissue Culture : RAPD markers have also been useful in 
analyzing regenerated tissue culture plan tie ts, for which only 
small quantity of tissue is available for study. Since RAPD 
technique requires DNA in nanogram amount, analysis can be 
carried out efficiently. Regenerated insect resistant poplar 
{Populus nigra L.) plantlets have been checked for presence of 
somaclonal variants amongst them using RAPD markers (Wang 
et ah, 1996). Similarly, embryo callus culture of peach has been 
analyzed by Hashmi et al. (1997) for somaclonal variation. 
Population Study : RAPD technique provides answer to some 
fundamental questions like : How are the populations of a given 
species distributed? Are they widespread or isolated in patches? 
Are they genotypically distinct from one another? How much 
genetic variation is there? RAPD markers were used to partition 
genetic variation within a single population of Gliricidia sepium 
sampled from Guatemala (Dawson et al, 1995). Cluster analysis 
indicted a direct relationship between genetic variation and the 
geographical distance between sub-populations. Empirical 
assessment of RAPD variation in Pinus sylvestris L. population 
have been made using haploid tissue (Szmidt et al, 1996). 
Genetic diversity was studied in 249 trees from 8 natural 
population of Populus tremuloides in Alberta by Yeh et al, 1995. 
The trees within a population were 200m apart. This study 
reported a the population structure of trembling aspen as 
continues and wide distribution. RAPD variance partitioned it 
into among- and within population components. 
Despite intensified interest in conservation of tropical forests, 
knowledge of population genetics of tropical forest trees remains 
limited. Schierenbeck et al (1997) used RAPD data to evaluate 
trends in genetic diversity and differentiation for four tropical 
tree species, Alchomea latifolia, Dendropanax arboreus, Inga 
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thibaudiana and Protium glabrum. The results of this study 
contributed to a growing database of genetic diversity data that 
could be utilized to make predictions about the effects of 
disturbance and subsequent reductions in population size on 
genetic variation and structure in tropical tree species. A large 
number of Stylosanthes scabra accessions were collected world 
wide by Liu, 1997 and the RAPD-profile based cluster analysis 
of which represented the well defined geographical distributions 
of these accessions. 
DNA-Fingerprinting : RAPD-fingerprinting was used for 
germplasm screening of each of the 21 cultivars of Ribes nigrum 
(Lanham et ah, 1995). Genetic variation of putative clones of 
Eucalyptus argutifolia, a rare multi-stemmed species was 
studied (Kennington et al, 1996). Each of the putative clones 
produced a unique banding pattern, but no variation was found 
within the clones, which reaffirms that populations are likely to 
contain considerably fewer individuals than originally 
anticipated. RAPD-fmgerprinting of white-Engelmann spruce 
species was carried out by Khasa and Dancik, 1996. Eucalyptus 
granticola, a critically endangered relict species or a rare hybrid 
has been fingerprinted using RAPD by Rossetto et al. (1997). 
The reports on application of RAPD technique on other higher 
and lower plants are very extensive and it is virtually beyond the 
scope of the present review to detail these. However, Table 2.1, 
includes reports for the past 5 years only, considering the 
enormous volume of data. 
Table 2.1: Some recent examples of application of RAPD 
technique in genome analysis of higher plants. Reports 
accumulated in the last five years have been listed. The 
entire list of RAPD applications since inception of the 
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technique is too voluminous and beyond the scope of the 
present review to be included here. 
Plant 
Rice 
Triticum dicoccoides 
Vitis vinifera 
Digitalis obscura 
Brassica oleracea 
Corylus avellana 
Cicer species 
TYiticum dicoccoides 
Allium sativum 
Plantago major 
Linum ustitatissium 
Alfalfa 
Hordeum sp. 
Citrus sp. 
Fagus sylvatica. 
Theobroma cacao 
Objectives of the 
study 
Somaclonal 
variation in 
regenerated culture 
Population study 
Varietal 
identification 
Inter- and intra-
population 
variation 
Intra-species 
variability 
Cultivar 
identification 
Inter-species 
relationship 
Micro-climatic 
stress and adaptive 
DNA differentiation 
Somaclonal 
variation in tissue 
culture 
Inter-species 
variability 
Identification of 
micro-spore derived 
plants in anther 
culture 
Population study 
Interspecies 
variability among 
wild population 
Phylogenetic 
relationships 
Population studies 
Genetic diversity 
Reference 
i 
Yang eta/., 1999 
i 
1 
FahimaetaZ.,1999 ! 
Tessier ef a/.,1999 1 
j 
Nebauer et al.,l999 
Divaret etaZ.,1999 
Galderisi et 
al.,1999 \ 
Ahmad, 1999 
Li et al.,1999 
Al-Zahim et 
al.,1999 
Wolff and Morgan-
Richard ,1998 
Chen etal, 1998 
Gheradi ef a/.,1998 
DeBustos et 
a/.,1998 
Federici etal,1998 
Gallois etal,1998 
Whitkus etal,1998 
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Bean 
Pennisetum 
glaucum 
Rice 
Melon 
Helianthus 
Mangrove species 
Quercus petraea 
Camellia sinensis 
Potato 
Barley 
Poa pratensis 
Orange 
Avicennia 
(Mangrove) 
Australia fan flower 
Barley 
Panax guinquefolius 
and relationship 
Population study 
Genetic 
identification and 
relationship 
DNA variation in 
somaclonal variants 
Genetic 
relationship among 
breeding lines 
Genome analysis 
Phylogeny 
Genetic variation at 
intra-species level 
Genetic diversity 
among wild and 
cultivated 
Assessing changes 
in the genetic 
diversity of gene 
bank 
Genetic variation 
among accessions 
Inheritance of 
parental genomes 
in progenies from 
sexual and 
apomictic 
genotypes 
Fingerprinting 
accessions 
Intra- and inter-
species variation 
Intra-species 
genetic variation 
Inter-species 
genetic relationship 
Genetic diversity of 
i 
Cattan-Toupance et 
al.,1998 i 
Chowdhari et 
a/., 1998a 
Chowdhari et 
aZ., 1998b \ 
Garcia etal, 1998 
1 
Sossey-Alaoui et ^ 
ah, (1998) 1 
1 
Parani eta/., 1998 
1 
Lecorre et al.,l997 
Wachira eta/., 1997 
! 
Debuo etal,1997 
Russell etal,1997 
Barcaccia et at., 
1997 
Fang eta/. , 1997 
Parani etal, 1997 
Swoboda and 
Bhalla 1997 
Noli eta/. , 1997 
Bai etal,1997 
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Lantana camara 
Rice 
Allium sepa 
Wheat 
Picea abies (Norway 
spruce) 
Tylophora indica 
Brassica oleracea 
var capitata 
Cotton 
Broom rape 
(Orobanche) 
Engelmann spruce 
species 
Coffea 
Hordeum 
Lens sp. 
Amentotaxus 
formosana 
Orobanche sp. 
Fagopyrum 
esculentum 
a population 
Characterizing the 
weedy varieties 
Genetic 
characterization of 
weedy rice 
Relation among 
sexual and asexual 
forms 
Genetic variability 
of wild diploid 
wheat 
Clone verification 
and provenance 
relationships 
Genetic variability 
Characterization 
among genebank 
holdings 
Genetic diversity in 
elite varieties 
Genetic variation 
intra- and inter 
species 
Identification of 
species 
Taxonomic 
relationships within 
the genus 
Phylogenetics 
Genetic 
relationship and 
parentage 
determination 
Intra-species 
genetic variation 
DNA fingerprinting 
Population genetics 
and cultivates 
Scott eta/. , 1997 
Suh etal, 1997 i 
Denquin et al., 
1997 
Castagna et 
al.,1997 
Scheepers et 
al.,1997 
Parani and Parida 
1997 
Phippen et al.,1997 
Iqbal et al.,1997 
Paran et al.,1997 
Khasa and Dancik 
1996 
Orozco-Castillo et 
al, 1996 
Marillia and Scoles 
1996 
Ahmad etal,1996 
Wang etal, 1996a 
Katzer etal, 1996 
Murai and Ohnishi 
1996 
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Rice 
Rose 
Ribes nigrum 
Pinus sylvestris 
Rice 
Fagopyrum 
esculentim 
(Buckwheat) 
Grape and Pear 
Potato 
Glycine sp. 
Pea 
Lens odemensis, 
Lens ervoides 
Capsicum 
Finger millet 
(Eleusine coracana 
sp. coracana) 
Medicago sp. 
Lens sp. 
Phylogenetic 
relationships in A-
genome 
Variation between 
wild and cultivars 
Estimation of 
heterozygosity 
Intraspecies genetic 
diversity 
Quantitative 
variation within 
germplasm 
Genetic variability 
among populations 
Fingerprinting 
Relationship among 
wild potato relatives 
Comparison 
between 
wild/cultivated 
accessions for 
germplasm analysis 
Comparative 
analysis of genetic 
diversity 
Genetic 
relationship within 
and between 
species 
Intra species 
variation and DNA 
fingerprinting of 
cultivars 
Evolution of 
domesticated and 
wild annual species 
Variability within 
and among species 
Intra and 
interspecies 
variation 
Ishii eta/., 1996 
Debener et al, 
1996 i 
! 
Lanham, 1996 
Szmidt etaZ., 1996 
VirketaZ.,1996 
Kump and Javornik i 
1996 1 
Ye efaZ., 1996 
Spooner et al.,1996 
Powell et al.,1996 
Luet al.,1996 
Ahmad and Mcneil 
1996 
Prince etal.,1995 
Hilu, 1995 
Brunner et al.,1995 
Aboelwafa et al., 
1995 
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Mangifera indica 
Ribes nigrum. 
(Black current) 
Oryza saliva 
Faba bean 
Jojoba (Simmondsia 
chinensis) 
Populus tremuloides 
(Trembling aspen) 
Sugarcane 
{Saccharm 
officinarum) 
Lilium 
Cajanas cajan 
PhcLseolus vulgaris 
(Snap bean) 
Solanum melongena 
(Eggplant) 
Nicotiana tabacum 
and 
N.plumbaginifolia 
Identification of 
cultivars and 
validation of genetic 
relationship 
Fingerprinting of 
cultivars 
Diversity within 
plant germplasm 
collection 
Genetic diversity in 
germplasm 
systematic 
exploitation of 
heterosis 
Genetic variability 
Variation among 
natural populations 
Genetic analysis of 
agronomic traits 
Cultivar 
identification 
Genetic 
fingerprinting 
Qualitative and 
quantitative 
characterization 
Accessions 
interrelationships 
Fingerprinting of 
somatic hybrids 
Schnell etal.,1995 
Lanham et al.,1995 
Virk eta/. , 1995 
Link etal.,1995 
1 
Amarger and 
Mercier, 1995 
Yeh etal.,1995 
Sills etal.,1995 
Yamagishi, 1995 
Ratnaparkhe et al., 
1995 
Skroch and 
Nienhuis 1995 
Karihaloo et al, 
1995 
Pinto etal.,1995 
2.5 SIMPLE SEQUENCE REPEAT PROFILES FOR GENETIC 
ANALYSIS 
It has been shown that Simple Sequence Repeat (SSR), consist 
of tandemly repeated nucleotide motifs, as short as 4, 3, 2, or 1 
nucleotide (Braaten et al, 1988; Hamada et al, 1982; Schafer et 
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al, 1986; Vergnaud, 1989), are densely interspersed in 
eukaryotic genome. When such regions, which have also been 
termed as "microsatellites" (Litt and Luty, 1989), are individually 
amplified by means of PCR using a pair of unique 
oligonucleotides primers, they almost invariably shov^ ^ extensive 
polymorphism. This is due to site-specific length variation, 
resulting from the occurrence of different numbers of repeat 
units, in several diverse organisms. In plants, oligonucleotides 
containing TG and GATA/GACA repeats have been shown to 
detect polymorphism when used as "probes" in RFLP 
experiments (Lonn et at, 1992; Weising et al, 1989). Of the 
most studied repeats, (GT)n, (GA)n, (GATA)n, and (GACA)n the 
copy number of (GT)n per haploid genome has been found to 
vary from 100 copies in yeast to 100000 copies in mouse 
genome (Stalling et aZ.,1991). Similarly, for the human genome, 
it has been suggested that one SSR occurs on an average every 
lOkb length of DNA with a fairly random distribution (Tautz, 
1989). A high level of SSR associated polymorphism has been 
observed both in plants and vertebrates (Poulsen et al, 1993; 
Schmidt et al, 1993; Ali et al, 1986). The utilization of 
microsatellite sites as genetic markers has been proposed for 
genetic mapping of eukaryotes (Beckmann and Seller, 1990). 
The hypervariable characteristics of these microsatellites make 
them almost ideal markers for population genetic studies 
(Strauss and Plieke, 1998, Udupa et al, 1998). These repeats 
are highly polymorphic, even among closely related cultivars 
(Akagi et al, 1997), due to mutations causing variation in the 
number of repeating units. Variations in tandem repeat length 
accumulate in populations more rapidly than the point 
mutations and larger insertion/deletion events which are 
responsible for RFLPs. These SSR repeats have been used for 
fingerprinting plant genomes (Van de Weil et aZ.,1998). 
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Various functional roles have been attributed to SSR. These 
serves as hot spots of recombination (Kobori et ah, 1986; 
Bullock et at, 1986); these sequence are involved in the 
regulation of gene expression of genes (Hamada et al, 1984; 
Shafer et al, 1986; Murphy et al, 1989) and in sex 
determination (Singh et al, 1980). 
SSR, offers a potentially attractive combination of features that 
makes them useful as molecular markers. 
(1) SSRs have been reported to be highly polymorphic and thus 
highly informative in plants, providing many different 
alleles for each marker screened, even among closely 
related individuals (Akkaya et al, 1992; Akagi et al, 
1997; Smulders etal, 1997). 
(2) SSRs can be analyzed by a rapid, technically simple and 
inexpensive PCR-based assay that requires only small 
quantities of DNA. 
(3) SSRs are co-dominant and simple Mendelian segregation has 
been observed. 
(4) SSRs are abundant and uniformly dispersed in both human 
(Weber 1990) and plant genomes (Lagercrantz et al, 1993; 
WangetaZ., 1994). 
The primary disadvantage of SSRs as molecular markers is the 
cost and research effort required to cloning and sequencing SSR 
containing DNA fragments from plant species of interest. To 
develop SSR markers a strategy of constructing genomic 
libraries, screening by hybridization with SSR probes and 
sequencing positively hybridized clones have been proposed 
(Thomas et al, 1993). Because library screening and sequencing 
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is laborious and costly, additional methods to identify SSRs 
have been investigated. First, a search is conducted for SSRs in 
public sequence databases. From such a search primer pairs 
can be designed from conserved sequences flanking SSRs so as 
to amplify SSRs. This approach has been demonstrated in case 
of different genera of mammals (Kloting et al, 1997; Zajc et al, 
1997) and plants (Morgante and Oliviere, 1993; Mhameed et 
al.,1997; Struss and Plieke, 1998) using conserved primers. 
Such an approach however, is limited by the availability of 
nucleotide sequences in the databases. In the absence of the 
sequence data, microsatellite flanking sequences cannot be 
analyzed for primer designing. To overcome this limitations, the 
micro satellites have themselves been used as primers singly in 
PCR as will be discussed in the following paragraph. 
Single Primer Amplification Reaction (SPAR) : The ease of 
obtaining and screening DNA markers is essential for efficient 
marker-assisted breeding programs. Amplifying genomic DNA in 
single primer amplification (SPAR) is a new way of discovering 
DNA markers, which is fast and simple. Simple sequence 
repeats (SSRs), or microsatellites, occur in various combinations 
of two or more SSRs (compound SSRs) as well as with the other 
single and multicopy sequences (Hamada et al, 1984; Martinez 
Sariano et al, 1991). Often they were singled out from other 
sequences because of their association with a high level of 
polymorphism (Luty et al, 1990; Morral et al, 1991). PCR has 
recently been used to detect variation in the number of repeats 
found within a repeat motif of different SSRs by designing 
primers flanking the motif. This strategy can reveal a single 
base-pair polymorphism and has proven successful in 
distinguishing individuals of vertebrate species (Goodier and 
Davidson, 1998; Tassanakajon et al, 1998). However, this 
approach is cumbersome, as it requires sequence information 
44 
from the DNA regions flanking the repeat motif in order to 
design the primers. As such , it cannot be applied rapidly to a 
new species. To overcome this problem Gupta et al. (1994), have 
designed a strategy where the primers are designed based on 
the reported presence of SSRs. The intergenic region between 
the two opposing end of the primers are amplified in exponential 
form. This technique has been used to fingerprint individuals of 
vertebrate species as well as varieties of plants (Gupta et al, 
1994). Such primers invariably amplify the region between two 
SSR loci. Hence polymorphism is detected by this approach. 
Inter Simple Sequence Repeat (ISSR) marker : This is one 
type of SPAR marker which involves PCR amplification of DNA 
using a single primer composed of microsallite sequence 
anchored at the 3' or 5' end by 2-4 arbitrary nucleotide, often 
degenerate nucleotides. The amplification products are 
separated on non-denaturing polyacrylamide gels and detected 
by silver staining. ISSR amplification can rapidly differentiate 
closely related individuals (Zietkiewicz et al, 1994). ISSR 
markers can reveal a much larger number of fragments per 
primer than RAPD analysis. ISSR analysis has been used to 
assess genetic diversity in dent corn and popcorn (Kantety et 
aZ.,1995), in Douglas fir and sugi (Tsumura et a/,, 1996) and in 
Ribes nigrum (Lanham and Bremman, 1998), as well as to 
identify cultivars of oilseed rape (Charters et aZ.,1996). ISSR 
fingerprinting of rice revealed markers closely linked to the 
nuclear restorer gene, Rf-1. Of the 76 ISSR primers tested, only 
one primer (AG)8YC generated polymorphism (Akagi et al, 
1996). This marker has be applied not only to breeding both 
restorer lines and maintainer lines, but also for assessing the 
purity of hybrid rice seeds. ISSR repeat polymorphic DNA was 
evaluated for its applicability as a genetic marker system by 
Nagaoka and Ogihara (1997). ISSR primers produced several 
45 
times more information than RAPD markers in case of wheat. 
The genetic relationships of wheat accessions estimated by 
polymorphism of ISSR markers were identical to those inferred 
by RFLP and RAPD markers indicating the reliability of ISSR 
markers for estimation of genotypes. The characteristic feature 
of ISSR markers i.e. polymorphism, generation of information 
and ease of handling has increased their applicability in genome 
analysis. Ninety four trees of 68 citrus cultivars were 
distinguished using ISSR markers (Fang and Roose, 1997). In 
trifoliate orange {Poncirus trifoliata L.) variation among 48 
vegetatively propagated accessions was assessed (Fang et al, 
1997). Many ISSR markers segregated in progeny derived by 
open-pollination of a common accession, indicating that these 
ISSR markers are also heterozygous. 
Direct Amplification of_Minisatellite DNA-PCR (DAMD-PCR) : 
This is another type of SPAR, and uses minisatellite as primer. 
Mini satellite DNA is composed of tandem units of a "core" or 
"consensus" sequence repeated at low or moderate number of 
times (relative to microsatellite DNA, where consensus motifs, or 
variants thereon, may be repeated tens of thousands of times). 
The minisatellites have been found to be associated with 
variability and have proven to be useful in a number of 
biological applications including forensic s, pedigree analysis 
(Jefferys et al, 1986), linkage studies and mapping, population 
studies (Wetton et al, 1987, Gilbert et al, 1990), clonal analysis 
(Rogstad et al, 1991), in situ hybridization for the unique 
marking of chromosome (Simpson et aZ.,1990), molecular 
taxonomy (Brown and Tanksley, 1993) and fingerprinting 
(Bebeli et al, 1997; Zhou et al, 1997). A comprehensive list of 
minisatellite DNA analysis, has been made by Pemberton et al 
(1991). Inspection of this bibliography reveals that studies 
utilizing minisatellite genetic markers with plants are relatively 
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few. Two contributing factors to this deficiency are, (i) restriction 
enzyme/Southern blot minisatellite analyses require relatively 
large amounts of DNA per individual, and (ii) more minisatellite 
probes for plants are needed. To overcome this limitation, direct 
amplification with known minisatellite core sequences is carried 
out by PCR, as reported in case of rice (Zhou et ah, 1997) and 
wheat (Bebeli et at, 1997). A minimal quantity of total genomic 
DNA (5-50ng), even partially degraded, is enough to act as a 
template for amplification. Germplasm assessment and 
genotyping for identification purpose like breeder's rights, 
variant authentication and conformity test can be achieved with 
a few very polymorphic loci (genetic fingerprinting). The 
homogenity of in vitro mass propagated material can easily be 
monitored using recurrent checks during the whole process. 
Randomly Amplified Microsatellite Polymorphism. (RAMPO) : 
This represents a third type of SPAR. In this technique 
(Richardson et al, 1995), second level amplification products 
that are useful as molecular markers are detected. In the first 
step of the procedure, genomic DNA is amplified with a single 
arbitrary or microsatellite-complementary primer. PCR products 
are then electrophoretically separated and archived with usual 
methods. However, thereafter, the gel is processed for DFP 
analysis by blotting onto membranes and hybridizing the 
membranes to a 32p_iabelled microsatellite probe. 
Autoradiography reveals highly reproducible, polymorphic, 
probe-dependent fingerprints which are different from the 
original ethidium bromide stained gel patterns. Probes 
complementary to the various mono- tri- and tetranucleotide 
repeat motifs can be used in such experiments. Repeated re-
hybridization to different probes can expand the information 
that can be obtained from a single RAPD gel at least five fold. 
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The complexity of RAMPO profiles varies with the length and 
sequence of the probe. 
2.6 CONCLUSIONS 
Nucleic acid amplification has proven to be incredibly versatile 
with the development of alternative PCR-based techniques. 
Random primers as well as simple sequence repeats have been 
used as primers, which are ubiquitously present in eukaryotic 
genome. As is evident from the literature survey, PCR is 
becoming the method of choice in all kinds of genetic analyses 
in last few years. The applications are so diverse and extensive 
because, unlike other DNA-based markers, these markers have 
certain advantages: 
1. they do not require development of probe banks or gel 
hybridization, 
2. their fast and simple generation, makes them the choice over 
other traditional DNA-based method and 
3. these PCR-based markers constitute an important tool for 
analysis of anonymous genomes. 
These markers are especially useful in case of tree species 
where long generation times make genetic studies a slow 
process. Since these type of markers require no prior 
information of the genome sequence, hence making it possible 
to study trait variation in existing populations. The 
amplification reactions are sensitive to even a single base 
changes in the primer target sites, suggesting its usefulness in 
analysis among closely related individuals. Sequencing of these 
markers (Sequence-Characterized Amplified Region-SCAR) will 
help in characterizing the genome, making this technique more 
versatile and reliable. Furthermore, with improvements in 
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technology, semi-automatic to fully au tomated and high 
th roughpu t analyses are now a reality and have enormously 
shor tened the t ime-span required for an exhaust ive in depth 
analysis of a genome. 
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STANDARDIZATION OF DNA ISOLATION AND RAPD-PCR 
CONDITIONS. 
3 .1 INTRODUCTION 
The use of DNA markers in genetic mapping, diagnostics, 
molecular taxonomy and evolutionary studies has been well 
established. The most commonly used DNA markers are RFLPs 
and RAPDs. Detection of RFLPs by DNA blot hybridization is 
laborious and incompatible with applications requiring high 
throughput. RAPD markers are based on DNA amplification but 
requires no knowledge of target DNA sequence. These markers 
are generated by amplification of random DNA segments with 
single primers of arbitrary nucleotide sequence. These can be 
used for genetic diagnostics. The assay is non-radioactive, 
requires only nanogram amount of DNA and is applicable to a 
broad range of species (Scheepers et ah, 1997; Sedra et al, 
1998). 
The RAPD markers are a recent and powerful tool for 
fingerprinting anonymous genomes. From the very beginning 
the reproducibility of RAPD fingerprints has, however, been a 
major concern. Many laboratories have succeeded in optimizing 
the reaction conditions with respect to all variable parameters. 
Many conditions of RAPD reaction procedure may influence the 
result. Since no study at molecular level has been made in case 
of neem tree, it was all the more essential to set up pilot 
experiments for standardization of reaction conditions. The 
present chapter describes the optimization of RAPD-PCR 
conditions for further experiments, since PCR based assessment 
of genetic diversity in neem, is the main objective in this thesis. 
The techniques described in this chapter will provide the plant 
population geneticist with repertoire applicable to a broad range 
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of problems. In order to become effective tools allowing high 
t h roughpu t analysis , m a n y methods have to be simplified to 
lower the costs while mainta in ing high efficiency. To tha t effect 
various protocols for DNA isolation have been tried and the one, 
which resul ted in better (quantitatively a s well as qualitatively) 
yields of DNA tha t was easily amenable to the amplification 
reaction was selected. 
3 .2 MATERIALS AND METHODS 
3 .2 .1 Plant material 
Neem trees from iVational Botanical i?esearch Inst i tute (NBRI), 
botanical garden were selected for genomic DNA isolation. 
Young leaf t issue was harvested from these trees and powdered 
rapidly in liquid nitrogen, and then either the DNA isolation 
procedures were immediately followed or the powdered t issue 
was stored at -70°C till further use . 
3 .2 .2 Chemicals 
Chemicals for buffer prepara t ions and organic solvents were 
purchased from Indian manufac tu re r s viz., Qualigens (Glaxo) 
Fine Chemical Company and Ranbaxy Fine Chemicals 
Company, India. Molecular biology grade chemicals were 
pu rchased from Sigma Chemical Company, MO, USA. Agarose 
was purchased from FMC, Biotech, USA. Restriction enzymes 
and other modifying enzymes were pu rchased from Stratagene 
GmbH, Germany; New England Biolab Inc., USA; Pharmacia, 
Sweden and Bangalore Genei Pvt. Ltd., Bangalore, India. All 
plastic wares were pu rchased from Imperial Biomedic Pvt. Ltd. 
and Tarsons Products Pvt. Ltd. Glasswares were purchased 
from Borosil Glass Pvt. Ltd., India. 
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3.2.3 Methods for DNA isolation 
Before starting for large scale DNA preparations from all the 
samples collected, it was necessary to select the isolation 
method, which can result in good quantity and quality of DNA. 
Hence four commonly used isolation methods were tried which 
differ in their lysis buffer and processing. The protocols used are 
given below. 
Extraction Buffer method 
deKochko and Hamon (1990) proposed this method for 
cotyledons of seeds. We have, however, adapted this procedure 
to young leaf tissue. The fresh young tender leaves were 
harvested and washed with tap water and air-dried on filter 
paper. 
Procedure 
1. Fresh young leaves were crushed in liquid nitrogen in a 
precooled pestle and mortar. To the powdered material, 10 
ml of extraction buffer (O.IM Tris-HCl , pH 8.0; 0.05M EDTA, 
pH 8.0; 0.5M NaCl ), per gram of tissue was added. To this 
lOOjil of 2-mercaptoethanol was added. SDS was added to a 
final concentration of l%(w/v) and the entire homogenate 
was mixed gently. The mixture was incubated at 65°C for 10 
min with gentle shaking. 
2. To the mixture, 5ml of 5M potassium acetate per gram 
weight of tissue taken was added and mixed gently. The 
mixture was then incubated on ice for 20 min. The mixture 
was centrifuged at 13,000 x g for 20 min at 4°C. The 
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supernatant was collected after filtering through 4 folds of 
sterilized muslin cloth. 
3. To the filtrate, 0.6 volumes of isopropanol was added and the 
contents were mixed by gentle inversion of the centrifuge 
tube, and incubated at -20°C for at least 30 min. 
4. After 30 min the contents were centrifuged at 13,000 x g for 
at least 15 min at 4°C to give a pellet rich in nucleic acid. 
5. The pellet was air dried briefly and re-suspended in 700|al of 
TE (lOmM Tris HCl, pH 8.0; ImM EDTA, pH 8.0). 
6. The sample was centrifuged at 13000 x g and the 
supernatant was transferred into a fresh tube. 
7. To this supernatant, 1/10* volume of 3M sodium acetate, 
pH 4.8, was added. The supernatant was purified extracted 
once with phenol (distilled, saturated with Tris buffer, pH 
8.0): chloroform (1:1, v/v) and twice with chloroform: 
isoamyl-alcohol (24:1, v/v), successively. After the last 
extraction, the aqueous layer was recovered into a fresh 
tube. 
8. To the aqueous layer, double volume of absolute alcohol was 
added and the contents were mixed by inversion and 
centrifuged immediately at 9000 x g for 2 min at 4°C. The 
pellet was washed with cold 70% ethanol and air-dried. 
9. Finally the pellet was re-suspended in 100|al of TE buffer by 
re-hydrating at room temperature for about Ihr (or 
overnight). After DNA was completely suspended in the 
buffer, it was stored at 4°C. 
Benzyl Chloride method 
This method was proposed by Zhu et al. (1993) as an efficient 
and rapid alternative to freezing with liquid nitrogen and 
mechanical grinding of the tissue for isolating DNA. Further, 
this method was found to be useful, simple and rapid. The only 
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precaution is to carry out all work with benzyl chloride in a 
fume hood, since ben2yl chloride has a strong and overpowering 
odor. 
Procedure 
1. Ig of fresh leaf tissue was minced into small pieces. 
2. To it, 5ml of extraction buffer (O.IM Tris-HCl, pH 9.0; 
O.OOIM EDTA), 1ml of 10%(w/v) SDS and 3ml of benzyl 
chloride were added. 
3. The mixture was vortexed and incubated at 50°C for 30 min 
with intermittent shaking or repeated vortexing every 5 min 
to keep two phases mixed. 
4. 3ml of 3M Sodium acetate was added to the above mixture, 
mixed well and incubated on ice for 15 min. 
5. The mixture was centrifuged at 6000 x g at 4°C for 15 
minutes. 
6. The aqueous layer was recovered and nucleic acids were 
precipitated from it by mixing it thoroughly with 0.6 volumes 
of isopropanol. 
7. The precipitate was collected by centrifugation at 13000 x g 
for 20 minutes. 
8. The DNA pellet was washed with cold 80% ethanol by 
centrifuging for 2 minutes at 4°C . The pellet was vacuum 
dried and dissolved in a suitable volume of TE buffer. 
Urea-Phenol method 
This method was proposed by Burr et al, 1988. In this 
procedure sarkosyl and urea are included in the lysis buffer. 
Phenolization is done at initial stage itself because the lysis 
buffer contains phenol. 
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Procedure 
1. The pestle and mortar were pre-cooled with liquid nitrogen 
and Ig of fresh tissue was ground into a fine powder. 
2. To it, 5ml of IX lysis buffer (7M Urea; 2% (w/v) sarkosyl; 5% 
(v/v) phenol, pH 8.0 and 0.5M EDTA, pH 8.0) was added and 
the mixture was stirred with a magnetic stirrer for 10 
minutes at room temperature 
3. To the mixture, equal volume of phenol:chloroform:isoamyl-
alcohol (25:24:1, v/v) was added and this mixture was 
incubated in water bath at 37°C for 5 min. 
4. The mixture was centrifuged at 3000 rpm at 20°C for 15 min. 
5. The aqueous layer was pipetted into a corex tube using 
siliconized pasteur pipette 
6. The extraction step was repeated with phenol:chloroform-
isoamyl:alcohol (25:24:1, v/v) mixture and centrifuged as in 
step 4. 
7. The aqueous phase was transferred into a fresh corex tube 
using a siliconized pasteur pipette. 
8. To the aqueous phase, equal volume of cold absolute alcohol 
was added and mixed gently. 
9. The DNA was spooled out and dried in vacuum. 
10. The pellet was re-hydrated in I00\i\ of TE buffer. 
CTAB method 
This procedure has been devised keeping in view the need to 
isolate DNA from a large number of plants for RAPD and DNA 
fingerprinting analysis. The 2X buffer that is used is also 
compatible with CTAB-NaCl tissue storage buffer of Rogstad 
(1993) that enable plant tissue to be harvested at one location 
and the DNA to be isolated elsewhere. 
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Procedure 
1. Ig of leaf tissue was ground slowly in 12 ml of 2X CTAB 
buffer (2% w/v CTAB; O.IM Tris-HCl, pH 8.0; 20mM EDTA, 
pH 8.0; 1.4M NaCl; 1% (w/v) PVP, Mr 40000), containing 
120|Lil 2- mercaptoethanol, till a thick paste was obtained. 
2. The mixture was incubated at 68°C for 5 hours. 
3. The slurry was cooled at 4°C for 20 min. To it 8.5 ml 
chloroform was added and stirred gently several times to mix 
the two phases. 
4. The mixture was centrifuged at 8000 rpm for 10 min at room 
temperature. 
5. The aqueous phase was recovered into a fresh sterile corex 
tube. To it equal volume of isopropanol was added and mixed 
gently by repeated inversion and left at -20°C for 6 hours. 
6. The mixture was centrifuged at 8000 rpm for 10 min. 
7. The pellet was air dried and then re-hydra ted in 500|ul of TE 
buffer. 
3.2.4 DNA purification 
The nucleic acids isolated by any of the above methods still 
contained RNA and some amounts of proteins as contaminants. 
The RNA contamination was removed by treating isolated DNA 
with DNase-free RNase. Thereafter, when additional de-
proteinization steps were followed to remove RNase, these steps 
also eliminated most, if not all, protein contaminants. 
Procedure 
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1. A solution of bovine pancreatic ribonuclease A was 
prepared at a concentration of 10 mg/ml in 0.3M Sodium 
acetate, pH 5.0. 
2. The solution was boiled for 10 minutes to inactive the 
contaminating DNase, cooled to room temperature and 
stored in aliquots at - 20°C. 
3. To each DNA preparation, RNase A was added to a final 
concentration of lO^ig/ml and incubated at 37°C for 1 
hour. 
4. The mixture was deproteinized with phenol:chloroform 
(1:1, v/v) followed by 2 extraction with 
chloroform:isoamyl-alcohol (24:1, v/v). 
5. The aqueous phase was recovered and to it 1/ 10^^ volume 
of 3M sodium acetate was added and the DNA was 
precipitated with double volume of chilled absolute 
ethanol. 
6. The precipitated DNA was recovered by centrifugation and 
washed with 80% ethanol. 
7. The pellet was air or vacuum dried and re-hydra ted with 
TE buffer. 
3.2.5 Determination of the quality and quantity of isolated 
DNA 
Quantitation by UV spectrophotometry : The isolated 
genomic DNAs were then tested for purity by measuring their 
absorbance values at 230nm, 260nm, 280nm and 300nm 
wavelengths using a UVIKON 930 spectrophotometer. A DNA 
preparation was considered to be good if it had A260nm/A280nm 
ratio as approximately 1.8 and Aaoonm is < 0.1. The absorbance 
at 260nm was used to calculate the amount of DNA, using the 
relationship 50ng/ml DNA has an absorbance = 1.0 at 260nm. 
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Quantitation by Fluorometry : Minifluorometer DyNA 
QuantTM200 from Hoefer, Pharmacia was used for 
quantification. The lOX TNE buffer, pH 7.4 (O.IM Tris-HCl; 
0.0IM EDTA, 2M NaCl) was filtered before use through 0.45^m 
filter. This was stored at 4°C. For low range assay a 1:10 
dilution of standard DNA stock (100|il/ml) was made. Hoechst 
33258 (H33258) stock dye solution of Img/ml concentration 
was made in distilled water. The dye was stored in amber 
colored bottle at 4°C. For final DNA concentration in range of 
10-500ng/ml, assay solution A (0.1|ag/ml H 33258 in IX TNE) 
was used, while for DNA concentration in range of 100-
5000ng/ml assay solution B (l|ag/ml H 33258 in IX TNE) was 
used. 
Procedure 
Since the DNA fluorescence is based on relative measurement of 
emitted light, a calibration reference value must be established 
with a known DNA sample before the concentration of DNA in 
unknown samples can be determined. The standard 
concentration range (low or high) was chosen according to the 
expected DNA calibration and was calibrated with the standard 
assay buffer. One reference point was adequate to calibrate the 
instrument but a standard dilution curve was generated to 
ensure assay linearity in the range of interest. 2fal of calf thymus 
DNA (used as the standard DNA for calibration) was mixed 
properly with 2ml of assay buffer and the calibration curve was 
generated. The genomic DNA concentration was measured by 
replacing the calf thymus DNA with 2\x\ of sample. 
Agarose Gel Electrophoresis : Gel electrophoresis of the 
genomic DNAs was carried out for qualitative estimation of 
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samples prepared. A good DNA preparation appears as a single 
band. A submarine horizontal agarose slab gel apparatus as 
described by Sambrook et al (1989) was used. Agarose (0.8% 
w/v) was suspended in 0.5X TBE buffer (IX TBE buffer is Tris-
borate 89mM, pH 8.0; 2mM EDTA) and boiled for 10 min to 
dissolve it. After cooling to about 50°C, it was poured in an 
electrophoresis tray and allowed to solidify at room temperature. 
Slots were made by fixing a slot former (comb) over the tray, 
prior to pouring the molten agarose. The comb was removed 
after the agarose had gelled and the gel was transferred to an 
electrophoresis tank containing 0.5X TBE buffer. DNA samples 
and lambda DNA HmdIII/EcoRI double digest as molecular 
weight marker were heated at 65°C for 10 min, immediately 
cooled on ice and mixed with 1/6* volume of the tracking dye 
(15% w/v, Ficoll 400; 0.25%, w/v each bromophenol blue and 
xylene cyanol) with DNA sample and loaded in the slot. 
Electrophoresis was carried out at 5V/cm. 
After completion of electrophoresis, the gel was stained in 
ethidium bromide solution (l|jg/ml) for 10-15min. To remove 
excess of ethidium bromide the gel was destained in deionized 
autoclave water by gentle agitation for 10-20 min. The DNA 
bands were visualized and photographed on UV-
transilluminator at 302-312nm, using the Night Hawk, gel 
documentation system (pdi. Inc., USA). 
3.2.6 Optimization of RAPD-PCR reactions 
The RAPD reaction was set up essentially as described by 
Williams et al, 1990 with some modifications in RAPD reaction 
components as well as in program. Williams et al. (1990), have 
basically used amplification reactions in volumes of 25)al 
containing lOmM Tris-Cl, pH 8.3, 50mM KCl, 2mM MgCb, 
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0.001% gelatin, lOO i^M each of dATP, dCTP, dGTP and dTTP, 
0.2|aM primer, 25ng of genomic DNA and 0.5U of Tag DNA 
polymerase (Perkin Elmer Cetus). Amplification was performed 
in a Perkin Elmer Cetus DNA Thermal Cycler programmed for 
45 cycles of 1 min at 94°C, 1 min at 36°C, 2 min at 72°C, using 
the fastest available transitions between each temperature. The 
RAPD profiles are known to vary with virtually every PCR 
parameter including sources of reagents and equipments. Thus, 
the RAPD protocol of Williams et al. (1990) may not always work 
directly. For instance, the present studies have been carried out 
using a PCR thermocycler different from that used by Williams 
et al. (1990). The technical design of the thermocyclers result in 
differences in PCR programmes and parameters. Hence, to 
obtain a reproducible RAPD profile for neem DNA pilot 
experiments varying Magnesium ion concentration, primer and 
DNA concentrations was conducted. Conditions were optimized 
using some of the RAPD primers with neem DNA template, for 
the thermocycler that was available for these studies. 
Template DNA titration : Genomic DNA obtained from one tree 
of NBRI botanical garden was used as a common template for all 
titration reactions. The template DNA was diluted in range of 
25ng, 50ng, lOOng and 200ng per reaction mix. A negative 
control was also set with no template DNA. The reaction was set 
with OP-H09 as primer. 
Primer titration : Different OP-H09 primer amounts were used 
which ranged from 5, 10, 15 and 20 pmoles respectively. One 
negative control was also set up which contained only template 
DNA and no primer. 
Magnesium titration : Different magnesium ion concentrations 
were used which varied from 0, 1.5mM, 2.5mM, 3.5mM and 
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4.5mM. 15mM MgCb stock solution supplied by-_^^ngalore 
Genei, Bangalore, India was used. Ope»bn primer ~OP-cr©3Vivas 
used for all the reactions. «. i •. . ^ „ 
dNTP titration : Different dNTP contdVitratioj>a w^fe^^sed, 
ranging from 0, 100, 200 and SOO^M of each dNTP, using OP-
COS as primer, in all reactions. 
Taq DNA polymerase : Thermostable polymerase enzyme from 
different sources was used. Taq DNA polymerase from 
Bangalore Genei, Bangalore, India; Stratagene, GmbH, 
Germany; Pharmacia, Sweden and Deep Vent^M DNA polymerase 
from NEB, USA were tried with their original buffers as well as 
with different buffer combinations. 
Taq DNA polymerase from Bangalore Genei, India was tested 
with assay buffers from New England Biolab, USA (lOOmM KCl, 
200mM Tris-HCl, pH 8.8, lOOmM (NH4)2S04; 20mM MgS04 and 
1% (v/v) Triton X-100) and Pharmacia, Sweden (500mM KCl, 
15mM MgCl2 and lOOmM Tris-HCl, pH 9.0). 
Annealing temperature : 5 different annealing temperatures 
35°C, 36°C, 37°C, 38°C and 40°C were tested in PCR with a 
single neem DNA as earlier and the prime OP-C03, so as to 
identify the optimal temperature. 
PCR Program : The reaction was cycled 44 times at 94°C for 1 
min, 35°C for 1:30 min and extension for 1:30 min. Additionally 
a final cycle allowed extension for 5 min at 72°C. 
The amplification products were separated electrophoretically 
on 1.0% agarose gels in 0.5X TBE buffer, visualized and 
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photographed over a UV transilluminator after staining with 
ethidium bromide, as described earlier. 
3.3 RESULTS 
One of the most important considerations in studying DNA 
variation among plants is the means to collect and preserve the 
tissue. In general fresh leaf tissue was harvested from the 
selected samples and stored at -70°C, to be used as and when 
required. Four commonly used techniques for isolating total 
plant DNA are presented here. They differ in the detergent used 
to solubilize the cellular membranes. The means of separating 
DNA from protein are common. In three of the methods used, 
the tissues can be collected, frozen in liquid nitrogen, pulverized 
and stored at -70°C, but in the protocol proposed by Zhu et al. 
(1988) the tissue was pulverized using benzyl chloride. All the 
protocols successfully extracted DNA from tissue prepared in 
this way, as well as from fresh tissue. 
Plant cells commonly contain numerous secondary compounds 
and as a result, many alternative isolation buffers have been 
devised by various workers, to overcome problems encountered 
in particular species. Protocols were selected which were easy to 
follow and were frequently used. Some variations have been 
included to improve either yield or quality of DNA. The DNAs 
obtained were of sufficiently high quality to be useful for PCR 
amplification as well as for southern hybridization. 
3.3.1 Quality and Quantity of isolated DNAs 
The genomic DNA was isolated using the four isolation 
procedures as mentioned in Material and Method. Qualitative 
analysis was done by visual observation of ethidium bromide 
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stained gel. The genomic DNA after RNase A treatment was 
electrophoresed through 0.8% agarose gels. The DNA band 
migrated a little slower than 21.1 Kb band of HindlU / EcoRl 
double digested lambda DNA. This indicated that the isolated 
neem DNA was of a higher molecular weight. The DNAs isolated 
with all four method from five different neem leaf samples are 
shown in Fig. 3.1. 
The quality of the five DNA preparations, was also checked by 
setting up restriction digestion of the DNAs with commonly used 
enzymes BamHl, EcoRl and Hindlll. All the DNAs were digested 
completely (data not shown), under standard conditions of 
digestion as recommended by the respective enzyme 
manufacturers. 
The DNA preparations were also tested by PCR analysis using 
Operon primers. Amplification results are shown in Fig.3.2 (a). 
The DNA isolated by Extraction Buffer method and CTAB 
method gave reproducible profiles, whereas those by Benzyl 
chloride method as shown in lane 2 and 6, and Urea-Phenol 
method as seen in lane 4 and 8 gave inconsistent profile. The 
Fig 3.2 (b) shows the amplification profiles obtained with DNAs 
isolated by four DNA isolation methods using Operon primers 
O-C02 and OP-C04. Profiles were obtained with all four DNA 
preparations when primer OP-C02 was used, whereas with 
primer OP-C04, the DNA template obtained with Benzyl 
Chloride method did not result in a good profile, as seen in lane 
6 of Fig. 3.2 (b). Considering the reproducibility and consistency 
of amplification profiles the method proposed by deKochko and 
Hamon (1990) was used further for all the sample DNA 
isolations. 
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Primer concentration : For RAPD reactions the oligonucleotide 
of 10-mer sequence used is generated randomly. All the primers 
comprised of 50-70% G+C content. Primer amounts between 5-
20pmoles were tried in amplification reactions. The profiles so 
obtained with different amounts of primer for the same template 
in the reaction are shown in Fig. 3.4, lane 6-10. At lower 
concentration it became difficult to detect amplification 
products in stained agarose gel. Optimum profile was obtained 
at lOpmoles/reaction volume of 25|al. It was observed that as 
the concentration of primer was increased the number of bands 
also increased. 
Magnesium concentration : For reproducibility, it is important 
that magnesium ion concentration be optimized. It was observed 
that magnesium ion concentration from 0, 1, 1.5, 2.5, 3.5, 
4.5mM when used, resulted in variations in RAPD profiles 
(Fig.3.5). As the magnesium concentration increases, some DNA 
segments were amplified more efficiently. At 0 concentration no 
profile were obtained and at a higher concentration number of 
bands increased. The magnesium ion concentration of 2.5mM 
resulted in consistent profiles in our hands and was used for all 
subsequent RAPD reactions. 
dNTP concentration : dNTP concentrations of 50, 100, 200 and 
300|aM each were used for the reactions. At lower concentration 
than 200|aM produced profiles of weaker intensity. When higher 
concentration than 200nM was used, no dramatic change in the 
profiles were obtained (data not shown). 
Thermostable DNA Polymerase : Taq DNA polymerases from 
Bangalore Genei, Bangalore, India; Pharmacia, Sweden; 
Stratagene, Germany and Deep VentTM from New England 
Biolabs, USA were used, in the optimised RAPD reaction 
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Fig. 3.3 Amplification profiles showing comparison of 
Robocycler (Stratagene, GmbH, Germany) and Air 
Thermal Cycler (Idaho, Inc. USA). The profiles were 
obtained with 0P-H17 primer with three different 
neem DNAs and resolved on 1% agarose gel. 
Lanes 1-3 : amplification profiles obtained on 
Robocycler 
Lanes 4-6 : amplification profiles obtained on 
Air Thermal Cycler 
Lane M : I DNA Hindlll/ EcoRl double digest 
as molecular weight marker. 
Figure 3,3 
Artifactual variation is particularly apparent and represents a 
potential problem in survey of genetic variation in natural 
populations where many individuals are screened and are 
collected from the field. Tissue samples may thus vary in type 
and quality. Herein, several sources of RAPD artifact related to 
permutation in the primer, template DNA concentration, 
annealing temperature and magnesium concentration were 
examined. Since no work on neem DNA has been done earlier, 
this optimization was essential. 
Throughout the study the RAPD-PCR reaction was cycled in a 
Robocycler (Stratagene, GmbH, Germany). Air Thermal Cycler, 
(Idaho, Optima Biotech, USA) was also used to check the 
reproducibility of the amplification profiles. Fig. 3.3 shows that 
a similar type of profile was obtained when same set of 
template/primer combinations was used for PCR, carried out on 
the Air Thermal Cycler as it was obtained on the Robocycler. 
Template concentration : It is one of the most important 
variables because different DNA extraction method produces 
DNA of widely different purity, due to which variable 
amplification profiles are produced. It is also necessary to 
optimize the amount of DNA used to achieve reproducibility and 
strong signals. Figure 3.4 shows the effect of varying template 
concentrations in the range 25 to 200ng on amplification 
patterns. Reproducible products were obtained with 50ng DNA. 
Below 25ng level the PCR was more sporadic. When high 
concentration of DNA i.e. more than 200ng was used no profiles 
were obtained or often a smear without any clearly defined 
bands was visible. Negative control with no template showed no 
profile. In all the subsequent experiments 50ng has been 
considered as the lower limit of reliable PCR. 
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The genomic DNA was analyzed spectrophotometrically for yield 
and purity. For comparison of four methods equal quantity of 
leaf samples was taken as a starting material. The yield and 
purity of DNA isolated by the four methods at given absorbance 
are given in the Table 3.1. Among the four methods that of Zhu 
et al. (1993), resulted in the best yield of DNA from neem leaves, 
where «243|j,g DNA was isolated per gram weight of fresh leaf 
tissue. Surprisingly the lowest yield was obtained by the CTAB 
method («82)ag DNA/g of tissue). This is one of the most 
commonly used methods. Extraction buffer method of deKochko 
and Hamon (1990) gave «150|ig per gram of fresh tissue, which 
was a reasonably good DNA yield. This method was adopted for 
further DNA isolation. 
3.3.2 Optimization of RAPD-PCR conditions 
RAPD or arbitrary primed PCR (AP-PCR) involves amplification 
of random sequences of genomic DNA using PCR methodology 
with very short oligonucleotide primers selected at random in 
the absence of specific nucleotide sequence information for the 
genome being assayed. Amplification products that represent 
genomic polymorphism appear to be inherited in Mendelian 
fashion. As no laborious cloning, nucleotide sequencing or 
Southern blot hybridization is required, the technique permits a 
rapid and cost effective detection of polymorphism (genetic 
markers). 
There is a degree of artifact, with respect to the amplification 
profiles generated by RAPD procedure. Banding patterns may 
vary between experiments and among individuals. These 
variations are called as artifactual because it is not true genetic 
(Mendelian) variation, but originates from very small 
perturbations in a number of amplification parameters. 
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Figure 3.4 
Fig.3.4 Amplification profiles showing template and 
primer titration with one neem DNA and OP-H09 as 
primer, resolved on 1% agarose gel 
Lanes 1-4 : template DNA amounts 25ng, 50ng, 
lOOng and 200ng respectively, were taken for 
PCR 
Lane 5 : negative control without template DNA 
Lanes 6-9 : primer amounts from 20, 15, 10 and 
Spmoles respectively, were taken for the PCR 
Lane 10 : negative control without primer 
Lane M : A DNA HmdIII/EcoRI double digest as 
molecular weight marker. 
J.5 Amplification profiles showing effects of different 
magnesium ion concentrations on PCR of neem 
DNA with OP-C02 primer. The amplification 
products were resolved on 1% agarose gel. 
Lanes 1-5 : Magnesium salt concentrations of 
4.5mM, 3.5mm, 2.5mM, 1.5mM and ImM 
respectively 
Lane 6 : reaction mix without magnesium ions 
Lane M : X DNA HindlU/EcoRI double digest as 
molecular weight marker. 
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mixture. When enzymes from different sources were used 
variations in profiles were observed with the same template and 
primer as is evident from Fig. 3.6. This is because different 
enzymes have different processivity. This indicates that it is 
important to keep the source of the polymerase enzyme same 
throughout the study. 
The Bangalore Genei Taq DNA polymerase enzyme was tested 
with buffers from NEB, USA and Pharmacia, Sweden company. 
This Taq DNA polymerase was found to give good profiles with 
all the enzyme/buffer combinations. Whereas other polymerase 
enzymes did not gave consistent profiles with other non-cognate 
buffer sources. Genei Taq DNA polymerase was thus found to be 
more robust and gave consistent profiles in our hands and 
hence it was used throughout the course of the present studies. 
3.4 DISCUSSION 
The present study describes the standardisation of DNA 
isolation and RAPD-PCR conditions, since PCR based 
assessment of genetic diversity in neem was the main objective. 
Rogers et at (1996), have done similar type of work, where they 
have used six methods for DNA extraction from leaf and other 
plant tissues obtained from six different species. Success and 
reliability were assessed on the basis of results from PCR 
amplification of the extract. Weir et ah (1996), used three DNA 
extraction procedures to determine which method might yield 
DNA from leaves suitable for RAPD analysis. Only the method, 
which consistently yielded DNA suitable for PCR amplification to 
distinguish among saskatoon cultivars was selected. A large 
number of rapid protocols have appeared in the literature 
recently that allow recovery of DNA of sufficient purity for PCR 
amplification from plant material. To that effect various 
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Fig. 3.6 : Amplification profiles of neem DNA with primer 
0P-U18, using different sources of thermostable 
DNA polymerase enzymes. 
Lane 1 : With Taq DNA polymerase from Bangalore 
Genei, Bangalore, India 
Lane 2 : With Taq DNA polymerase from Stratagene, 
GmbH, Germany 
Lane 3 : With Deep Vent'^ '^ DNA polymerase from 
New England Biolabs, USA 
Lane 4 : With Taq DNA polymerase from Pharmacia, 
Sweden 
Lane M : X DNA Hindlll/EcoRI .double digest as 
molecular weight marker. 
M 
Figure 3.6 
protocols for DNA isolation have been tried with neem leaf tissue 
to obtain a protocol, which resulted in better yield with only 
limited equipment available and reproducible RAPD profiles in 
our hands. The RAPD reaction was set up basically as described 
by Williams et al. (1990). Various RAPD reaction components 
were optimised, to obtain reproducible results. 
3.4.1 DNA isolation 
The isolation of DNA from plants is often a limiting factor for 
successful implementation of newer and modern techniques. 
This is because of the special nature of plant tissue and cells. 
The tough wall, abundant secondary metabolites, presence of 
several classes of chemical compounds with varying properties 
are the features unique to plant cells and these have led to the 
development of several plant or species specific DNA isolation 
procedures. The plant cell typically contains a single nucleus 
and many mitochondria and chloroplast. Under conditions in 
which the entire cell structure can be disrupted, it is possible to 
isolate a mixture of the three DNAs. Such a mixture is referred 
to as "total" or "genomic" DNA. In order to isolate total DNA, 
plant tissue has to be well macerated and subjected to rapid 
lysis with a strong detergent that is capable of simultaneously 
disrupting all the organelles. 
RAPD analysis requires DNA of suitable purity for the enzymatic 
PCR reaction. It is often difficult to separate DNA from naturally 
occurring plant contaminants. In particular, polysaccharides 
(Do and Adams, 1991) and phenolic compounds (Newbury and 
Possingham, 1977) can form a complex with and become 
irreversibly bound to nucleic acids during extraction 
(Varadarajan and Prakash, 1991). Some of these contaminants 
can inhibit the activity of DNA modifying enzyme (Draper and 
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Scott, 1988). Current literature indicates that extraction of DNA 
is not necessarily reproducible for all species (Stein, 1993; 
Rogers, 1994; Sytsma, 1994). 
The conventional method of obtaining high molecular weight 
DNA of sufficient purity for all molecular biology work involved 
purification of DNA through CsCl gradient in an ultracentrifuge 
and started with large amount of tissue (Bakers et ah, 1990). 
These methods are always time consuming and required 
expensive reagents and equipment. This can be a major 
limitation especially when high throughput experiments are 
involved, as for example in case of population studies for the 
analysis of genetic variation. 
The first step in study of DNA variation among plants is to 
collect and preserve the tissue. Although DNA has been 
successfully isolated from non-optimal sources such as 
herbarium sheets and fossils (Doyle and Dickson, 1987), the 
yield and quality of DNA can be greatly affected by the 
conditions of the original tissue and the means of preserving it 
prior to extraction. This is important for species that produce 
large quantities of tannins, phenolics or other secondary 
metabolites that interfere with successful extraction of DNA. In 
general it is best to harvest the freshest material possible. New 
leaves early in the season often yield the best results. Most of 
the tissue harvest for our work was done at the time when fresh 
leaves appeared. Freshly harvested tissue was kept cool in an 
icebox, until further processing was done. Care in the initial 
collection greatly reduced the problems encountered later, 
which results from degradation due to mature or senescent 
material or due to inadequate preservation. Leaf tissue samples 
were collected from field, washed mopped dry and then finely 
powered with liquid Nitrogen. The tissue was stored at -70°C 
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and used when required. Precaution was taken that the tissue 
did not thaw at any stage before the buffer was added for 
extraction of DNA. 
Plant cells commonly contain numerous secondary compounds 
and as a result, many alternative protocols for isolation of DNA 
have been devised to overcome problems encountered in 
particular species. The essential components of any DNA 
isolation buffer used are those, which protect the DNA from 
degradation by native enzymes or secondary compounds 
released upon disruption of the cells. EDTA is usually included 
to inhibit metal-dependent enzymes by chelating divalent 
cations such as Magnesium and Calcium. Reducing sulphydryl 
agents such as 2-mercaptoethanol was included in the buffer to 
protect DNA against disulphides. Extraction Buffer method, 
yielded about 150|j.g of total DNA from one gram of leaf tissue 
samples which is of sufficiently good quality and does not 
require the use of sophisticated equipment. The RNase 
treatment during purification, followed by a phenol-chloroform 
extraction, produced sufficiently pure DNA that was both RNA 
and protein free. This method was also applied successfully for 
the frozen leaf samples as well as harvested tissue left at room 
temperature for as long as 24hr, which yielded an amount of 
DNA comparable to that obtained using fresh material. The 
quality of DNA was checked was checked on 0.8% agarose gel, 
which showed single intact band with least smearing. This DNA 
was clean and restrictable by all the enzymes tested. 
The other method tried was Benzyl Chloride method adapted 
from Zhu et al. (1993). It was an efficient and rapid alternative 
of isolating DNA after freezing with liquid Nitrogen and 
mechanical grinding of the tissue. Benzyl chloride can destroy 
cell walls of plants, fungi and bacteria through its effect of 
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reacting with -OH residues in the polysaccharides, including 
cellulose and hemi-cellulose. Thus, genomic DNA is released 
with the least mechanical shearing. Furthermore, benzyl 
chloride has the property similar to phenol that can extract 
proteins from aqueous phase. The yield of DNA was «243 fag g^ 
of fresh tissue. This method gave the highest yield. Further, this 
method in our laboratory was found to be useful for isolating 
DNA not only from plants but also from fungi and bacteria 
(result not shown). Major precautions are, however needed to be 
taken while working with benzyl chloride, since it has a very 
strong and an overpowering odor. All work needs to be carried 
out in the fume hood. 
The third method used was Urea-Phenol method from Burr et 
al. (1988). The yield of DNA was «131fj,g-i of fresh leaf tissue, 
which was considerably a good yield. In this method phenol is 
extensively used which is highly corrosive and causes burns on 
skin and should be used with precaution. The RAPD profiles 
obtained with this method was not consistent and hence this 
method was not used for further during the present study. 
The fourth method used was CTAB method. One of the most 
widely used techniques for isolating plant DNA, particularly 
from small samples, it is based on the cationic detergent CTAB. 
It is used to solubilize the plant membrane, which forms 
complex with the DNA. The incubation time is the most 
important step in this procedure that influences the final yield 
and quality of the DNA. The incubation in presence of CTAB 
disrupts cell structure and releases DNA. However, all plant 
tissues and types do not lyse in 6 hours incubation alone and in 
some cases, the incubation may have to be carried out for as 
long as 24 hours. Hence, a pilot experiment was done at 3-4 
different time intervals to determine the optimal duration of 
87 
CTAB incubation (data not shown). There is one major problem 
associated with isolation of DNA from higher plants, which is 
the enzyme inhibiting polysaccharides, often present in the 
"purified" DNA. This extraction procedure isolates high 
molecular weight (>50kb) plant DNA, which separates the 
polysaccharides from nucleic acid. The basis is their differential 
solubilities in presence of CTAB. PVP was added in the buffer to 
remove secondary metabolic compounds. Surprisingly with 
neem genomic DNA the yield obtained was w82^g-i of fresh leaf 
tissue, and was found to be quiet low as compared to other DNA 
yield, obtained from different isolation procedures. This may be 
due tousome specific nature of the neem leaf material. 
Comparison of the quantity of DNA by UV absorption were 
found to be greater than that visualized on the agarose gel. It 
has been reported that CTAB interferes with the UV absorption 
at 260nm (Doyle and Doyle, 1990), although there was 
interference in the benzyl chloride as well as Urea-Phenol 
extracted sample also. Interference by RNA is possible, but the 
agarose gel electrophoresis of the extracted DNA samples did 
not reveal contamination by RNA. Another source of UV 
interference could be cellular compounds, not completely 
removed during the extraction process. Both polysaccharide 
(Draper and Scott, 1988) and phenolic compounds (Manning, 
1991) can interfere with DNA extraction and quantification by 
UV absorbtion. Many polyphenolic compounds absorb in the 
range of 250nm and 280nm (Harborne, 1963) and therefore 
could interfere with DNA quantification. 
The DNA isolated from different methods was accurately 
quantified by fluorometry procedure using Hoefer 
minifluorometer. This gave the yield directly in ng/ml. 
Fluorometric techniques requires a discrete purification of 
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nucleic acids, from the original tissue constituents or 
preparation contaminants. It is also very sensitive to pH 
modifications. The binding dye 33258 Hoechst interacts with 
the DNA bases and fluoresence appears to be enhanced as a 
function of the DNA "AT" content. On this basis the DNA 
concentration was assayed. This was a simple and rapid 
procedure and DNA amount in nanograms could be detected 
accurately. 
Amplification of the prepared DNA template was checked for 
reproducibility. RAPD profiles were generated according to the 
modified procedure of Williams et al. (1990), as mentioned in 
Material and Method. Amplification was carried out using 
Operon primer OP-C02 and OP-C04 on a Robocycler (Stratagene 
GmbH, Germany). DNA isolated by the extraction buffer method 
of deKochko and Hamon (1990) resulted in reproducible profile 
(Fig. 3.2). The lack of reproducibility in case of DNAs isolated by 
Urea-Phenol method and Benzyl chloride methods could be due 
to remnants of organic compounds which may have interfered 
with amplification reactions. 
The success of the isolation methods was assessed by PCR of 
the DNA using random primers. The methods were adapted in 
order to improve speed, ease of handling large sample size and 
its reliability. Even though, the Benzyl chloride method and 
Urea-Phenol method are relatively faster and gave good yield, 
they were not used for further studies because they did not gave 
consistent RAPD profiles. This method could be the method of 
choice for high throughput of large sample numbers, 
particularly where a reduced PCR signal is not a major problem. 
CTAB method gave consistent RAPD profiles but did not gave 
relatively good yield in case of neem leaf tissue. The extraction 
buffer method, which gave good yield as well as consistent 
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RAPD profiles with the random primer tested in our hands, were 
used further for all the studies. 
Researchers have extensively modified their extraction protocol 
and were able to reduce but not totally eliminate amplification 
product variability (Aldrich and Cullis, 1993). However, this 
problem may not be entirely due to the extraction procedure. 
Generation of reproducible and non-reproducible products by 
single primer has been reported {Penner et at, 1993). Williams 
et al. (1990) have suggested that these non-reproducible 
products or ambiguous polymorphism are the results of primer-
template mismatches. The specificity of the primer/template 
interaction is dependent upon many parameters of PCR, which 
needs to be optimised for reproducibility. Hence, these 
parameters have been optimised in the following section. 
3.4.2 OPTIMIZATION OF RAPD PCR CONDITIONS 
The basis of RAPD methodology is the PCR, which has swept 
through molecular biology laboratories over the last few years 
(Erlich 1992). The development of the PCR, has been mainly due 
to the enzyme Taq DNA polymerase, (isolated from Thermus 
aquaticus), which works optimally at 72°C. This means that the 
enzyme can be used to make copy strands of DNA, under the 
elevated temperature conditions, employed to ensure that only 
specific regions of the genome are replicated in vitro. Taq DNA 
polymerase allows the massive copying rate, which is the 
characteristic of PCR. Once a DNA sequence is copied, the copy 
is also copied in the next cycle, and so on for 30-40 cycles, such 
that there is an exponential increase in the number of copies of 
that sequence. 
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In the RAPD assay, a short oligonucleotide (usually a decamer) 
having an arbitrary DNA sequence is mixed with genomic DNA 
in presence of a thermostable DNA polymerase and suitable 
buffer, and is then subjected to temperature cycling conditions 
typical of polymerase chain reaction. The products of the 
reaction depend on the sequence and length of the 
oligonucleotide primer, genome size and the reaction conditions. 
At an appropriate annealing temperature during the thermal 
cycle, the single primer can bind to several sites on both strands 
of the genomic DNA. When 2 sites for primer binding on 
opposite strands are within an amplifiable distance of each 
other, say within a few thousand nucleotides, a discrete DNA 
fragment is produced. 
Considering the complexity of PCR, consistency or 
reproducibility of results, in RAPD analysis, is greatly influenced 
by the experimental conditions for PCR (Ellsworth et al, 1993). 
This includes annealing temperature, DNA template, primier, 
magnesium ion concentrations, deoxynucleotides and 
thermostable DNA polymerase. High reproducibility is an 
essential requirement for the suitability of a marker system for 
genetic analysis. Hence various factors responsible for 
reproducibility were optimized. 
Thermal conditions are crucial for successful amplification. 
Temperature belongs to those factors which can substantially 
change the resulting banding pattern (Munthali et al, 1992). 
Originally the annealing at 36°C was successfully used for a 
wide range of primers and templates while temperatures above 
40°C prevented amplification (Williams et al., 1990; Fekete et 
al., 1992). The extension phase has apparently no or little effect 
on the banding pattern because of the high rate of DNA 
synthesis of Taq DNA polymerase. Extension time above 90 sec 
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per cycle did not specifically improve upon the results of 
reaction. 
The DNA extraction procedure significantly affects the results of 
RAPD reaction, since the presence of species-specific inhibitors, 
like polysaccharides (Demeke and Adams, 1992), phenolic 
compounds and RNA (Pikaart and Villepenteau, 1993) in the 
isolated DNA can adversly affect the amplification. As a rule, 
prior to starting large-scale RAPD analysis, it is always useful to 
carry out a pilot experiment with different amounts of template 
DNAs prepared by different methods so as to evaluate the 
consistency and quality of PCR profiles. The DNA concentration 
of the reaction is an important parameter for consistent result. 
In our experience, one of the most important variables is the 
concentration of genomic DNA. Because different DNA 
extraction methods produce DNA of widely different purity, it is 
be necessary to optimize the amount of DNA used in the RAPD 
assay to achieve reproducibility and strong signals. Too much 
genomic DNA may result in smears or in lack of clearly defined 
bands in the gel. Too little genomic DNA gives un-reproducible 
patterns. Optimal template concentration is unique for each 
species and depends on the genome size. For instance, in case 
of bacterial DNA, a relatively higher template concentration is 
recommended in comparison with that in case of larger 
eukaiyotic genomes (Bassam et at, 1992). In actual practice, 
from lOpg to 20ng of template is used for a total reaction 
volume of 25 to 50|al, for most of the organism (Caetano Anolles 
et at, 1992). The differences in starting amount of DNA, for 
PCR, between bacteria and the eukaryotic genomes is due to the 
enormous difference in genome size between the two groups of 
organisms. For our experiments the RAPD profiles obtained 
from different concentrations of the template with OP-H09 
primer are depicted in the Fig 3.4. This figure clearly illustrates 
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the effect of template, both qualitatively as well as 
quantitatively. No RAPD products were seen with negative 
control i.e. with no template DNA. With 25ng and 50ng 
consistent profiles were seen. Above 200ng template amounts, 
the clarity of profiles decreased and profiles with smears were 
seen. Amplification is probably initiated at many sites, which 
may often be imperfectly complementary to the primer. On 
theoretical grounds, such sites would be expected to occur in 
any genome of random nucleotide sequence at a frequency that 
is related to genome complexity. Experimental observations 
indicate that these sites are distributed throughout a genome, 
as there is no clear bias in distribution of RAPD sites. Hence the 
concentration of the template DNA should be optimized for a 
clear reproducible profile. For all the subsequent RAPD 
reactions in the present study, 50ng of template DNA was used. 
Primer concentration is also among the important factors, which 
need to be carefully optimized before setting up RAPD reactions 
for the full set of genotypes. Although the primers used in this 
technique are random sequences, there are several criteria that 
must be met with to produce results. Williams et al. (1990) 
found that the minimum primer length to detect amplification in 
ethidium bromide stained agarose gels was 10 bases, and a 
minimum of 40% G + C content was also required to produce 
amplification (50-80% GC content is generally used). Primers 
were purchased from Operon Technologies Inc. (Alameda, CA, 
USA). These random primers are synthesized to avoid self-
complementary sequences. One of the possible models of RAPD 
reaction was provided by Caetano-Annoles et al. (1992). 
According to them, the enzyme anchors the primer template 
duplexes and after extension can transform even rare anchored 
duplexes into discrete amplification products. The significance 
of this model lies in the obvious role for the primers in the PCR 
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reaction. Since primers act by priming at the starting point for 
the complementary strand synthesis, both the concentration 
and the sequence of the primers are most important for PCR 
accuracy. Primer amounts that are used in RAPD reaction are 
usually 20pmoles (Williams et al, 1990). Shorter RAPD 
fragments (less than 500 bp) are generated at a high primer 
amounts (Ellsworth et ah, 1993). Primer/template ratio is also 
significant. Efficient amplification may be achieved using primer 
concentration between 16 to 64 pmoles with 0.3-1.0|ag of the 
template (Ellsworth et al, 1993). Primer amounts of 5-20pmoles 
per reaction was tried in our pilot experiment. The primer 
amounts do have an appreciable effect on the final RAPD profile 
not only in numbers but also in the intensities of the bands that 
are visible on the gel. lOpmoles of primer per reaction was 
selected for all the reactions in our study. 
Magnesium ions and deoxyribonucleotides are an essential 
component of RAPD mixture. dNTPs are the substrate for the 
thermostable DNA polymerase. The optimal Mg2+ concentration 
is different for every template-primer set and must be 
determined experimentally. Magnesium ions stabilize DNA 
duplexes. Therefore, lowering Mg2+ concentration increases 
stringency while raising Mg2+ concentration lowers stringency. 
When magnesium ion concentration is zero, the reaction will fail 
due to lack of free magnesium to chelate with dNTP. It affects 
primer annealing, strand dissociation i.e. denaturation 
temperature of both the template and PCR product, product 
specificity, formation of primer-dimer artifacts and enzyme 
activity and fidelity (Innis and Gelfand, 1990). Its influence on 
RAPD profile is fundamental. It is most essential that the 
optimal magnesium concentration be determined in a pilot 
experiment, prior to embarking upon the large scale analysis of 
all the genotypes. In the present study, no profile was obtained 
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in the absence of magnesium, while with increased magnesium 
ion concentrations, the number of bands also increased. 2.5mM 
concentration, which gave consistently reproducible profiles in 
our experimental conditions were selected for all further 
experiments. 
In addition to template and primer the DNA synthesis requires 
dNTP (dATP, dGTP, dTTP and dCTP). The nucleotide 
concentrations has to be sufficient to saturate the enzyme but 
not too low or imbalanced to promote mis-incorporation. 
Therefore, dNTP concentration of 0.2mM each was used. 
Increasing this concentration did not affect the yield of the 
reaction. Furthermore, the type of DNA polymerase used can 
also have a fundamental effect on the amplification profile. 
Enzyme concentration ranges between 2-5 units/100^1 of the 
reaction volume. For consistent results, usage of polymerase 
from one manufacturer is strongly recommended. This is 
because different polymerases have different processivities, Km 
values for template DNA and dNTPs besides differing in other 
enzymatic properties. In the course of our work different 
thermostable DNA polymerases were obtained from different 
sources, and a few enzymes resulted in differences in RAPD 
profiles. This is also perhaps one of the most important factors 
that should be considered for reproducibility of the RAPD 
profiles, especially if data are to be generated in parts for large 
sample sizes, as was done even in the present study. Jus t as the 
enzyme source needs to be considered for consistency of results, 
the PCR thermal cycler too can result in variations in profiles, 
due to technical differences in heating or cooling of the samples. 
Hence before starting for large scale analysis for determination 
of genetic variability, RAPD-PCR conditions were essentially 
optimised for neem DNA. These conditions were subsequently 
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used for all the RAPD reaction. Besides all of the above factors, 
efficiency and reproducibility of RAPDs also depends 
considerably on the individual working environment. Clean 
error-free dispensing of the reagents , ma in tenance of basic work 
hygiene, us ing sterile reagents , met iculous preplanning of all 
the addit ions to be done, all go a long way in avoiding wrong 
RAPD profiles or inconsis tent profiles. 
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ANALYSIS OF GENETIC DIVERSITY IN NEEM 
USING RAPD TECHNIQUE 
4.1 INTRODUCTION 
Amplification with RAPD primer is sensitive to even a single 
base change in the primer target sites. This feature suggests 
that RAPD should be highly useful for phylogenetic analysis 
even among closely related individuals. Various RAPD-PCR 
based studies have been made in case of ecomocially important 
trees like red pine (Mosseler et al, 1992), Papaya (Stiles et al, 
1993), Apple (Landry et al, 1994; Dunneman et al, 1994), 
Phoenix dactylifera (Corniquel and Mercier, 1994; Sedra et al, 
1998), Poplar and Willow (Lin et al, 1994), Mango (Schnell et 
al., 1995), Pinus leucodermis (Bucci et al, 1997J, Citrus (Federici 
et al, 1998) and several others. These studies cover a range of 
trees which were either cross or self pollinated while a few were 
vegetatively propagated. Further, most of these studies have 
been made to assess the extent of genetic variation in these 
trees. This clearly indicates the applicability of RAPD technique 
for the studies on genetic diversity. 
In case of neem tree when this study was initiated, very little 
data on genetic variability were reported. The wide distribution 
of neem tree is an indicative of the presence of adequate genetic 
variability. This should however, be characterized more 
extensively. General survey of the neem provenances would help 
in studying relationship existing amongst them, if any. Such an 
analysis can prove to be an efficient basis for making a selection 
of neem provenances for the presence of the required trait. 
Neem is best known for the large numbers (more than 250 
different compounds are known to have actually been isolated 
so far from neem) of biopesticide and like substances that it 
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produces. However, there has been no selection or breeding for 
maximum production of bioactive compounds such as 
Azadirachtin or for that matter any other character too. 
Furthermore, studies on genetic variation amongst provenances 
have not been carried out even in its native Indo South-East 
Asian region where neem has so far been introduced without 
any consideration to the seed origins. Not many studies on the 
biochemistry and none on molecular genetics of neem have been 
reported to our knowledge. It is important to understand the 
genetic variation already existing so that it may be exploited for 
economic or commercial considerations. 
Hence the task of determining genetic variability among neem 
provenances, collected from different regions of India and 
maintained at one place, was taken up for this study. The main 
objective of the present work was to determine the extent of 
genetic variation as may be existing among populations of neem 
trees on the basis of RAPD profiles. 
4.2 MATERIALS AND METHODS 
4.2.1 Plant Material 
The plant material selected for the present study on 
determination of RAPD variation amongst neem provenances 
includes two sets or population of neem provenances. One was 
from the Biomass Research Centre of NBRI at Banthra, 
Lucknow, Uttar Pradesh state, India; while the other from Arid 
Forest Research Institute, Jodhpur, Rajasthan state, India. In 
both the cases the population consisted of several provenances 
from different parts of India. Additionally, the Jodhpur 
population included 8 foreign accessions (5 from Thailand, 2 
from Pakistan and 1 from Nepal). These two populations were 
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separately analyzed in the present study so as to be able to 
compare the trends in genetic variation of neem provenances. 
Furthermore, technical limitations of experimentations also 
precluded analysis of all neem trees as a single population. 
In the first population 1-34 Neem provenances were selected, 
from amongst those being maintained at the Biomass Research 
Centre at Banthra situated on the outskirts of Lucknow. This 
population is referred to hereafter as "Lucknow" population. 
Lucknow provenances have been collected from 3 locations, 
namely, Botanical Garden of NBRI campus, Biomass Research 
Center, at Banthra, in the outskirts of Lucknow and sites 
around the NBRI campus. List of these provenances is given in 
Table 4.1, while in Fig. 4 .1, a schematic map of India has been 
provided, wherein the states from where the provenances were 
originally collected, have been indicated. The other population 
in the present study included 46 provenances (35-80), from 
amongst those being maintained at AFRI, Jodhpur, India. This 
population is referred to hereafter as "Jodhpur" population. 
These provenances are also listed in Table 4.1, while the states 
where provenances were collected from are also schematically 
depicted in Fig. 4.1. 
Table 4.1 : The different provenances of neem selected for the 
RAPD studies. 
Sample 
No. 
1-4 
5-7 
8-11 
12,13 
14 
Provenance 
Lucknow 
Lucknow 
Lucknow 
Kanpur 
Delhi 
State 
Uttar Pradesh 
n 
M 
II 
Map 
Reference 
D 
II 
II 
II 
B 
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15,16 
17 
18,19 
20-22 
23,24 
25 
26 
27 
28 
29 
30 
31,32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
Jhansi 
Unnao 
Bahraich 
Gorakhpur 
Haldwani 
Jabalpur 
Jodhpur 
Raipur 
Ayodhya 
Madurai 
Chennai 
Unknown 
Saugar 
Ranichaura 
Kanpur 27 
Kanpur 28 
Kanpur 46 
Kanpur 48 
Jhansi 
Mathura 
Jabalpur 
H oi shanghabad 
Indore 
Katni 
Bilaspur 
Ujiain 
Raipur 
Sohangi 
Maihar 
Kutalia 
Govindgarh 
Ranchi 
Muzzafarpur 
Uttar Pradesh 
ir 
II 
ir 
M 
Madhya Pradesh 
Rajasthan 
Madhya Pradesh 
West Bengal 
TamilNadu 
n 
Madhya Pradesh 
Uttar Pradesh 
Uttar Pradesh 
It 
If 
M 
II 
n 
Madhya Pradesh 
n 
M 
11 
II 
M 
M 
II 
II 
11 
II 
Bihar 
Bihar 
D 
II 
It 
II 
It 
F 
c 
F 
H 
K 
II 
D 
F 
D 
D 
II 
1 
It 
ti 
II 
II 
F" 
II 
It 
t i 
ti 
II 
M 
It 
It 
It 
II 
G 
t i 
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54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Gurgaon 
Ladpur Kota 
Bikaner 
Jaisalmer 
Sikar 
Sawai Madhopur 
Pali 
Variant 
Rajkot 
Palanpur 
Satara 
Nagpur 
Amravati 
Sholapur 
Ravinagar 
Pune 
Mulug 
Bankura 
N.Delhi 
Nepal 
Pakistan 1 
Pakistan 2 
Poi Tao 
Uthai Thani 
Ban Noug Hai 
Khao Luang 
Ban Huey Sai 
Haryana 
Rajasthan 
n 
n 
n 
n 
It 
M 
Gujarat 
1) 
Maharastra 
tr 
n 
ri 
II 
M 
West Bengal 
Karnataka 
N.Delhi 
A 
C 
II 
1' 
\\ 
" 
II ! 
M 
E 
II 
I 
II 
M 
II 
II 
It 
H 
J 
B 
Nep 
Pakl 
Pak2 
Thai 
Tha2 
Tha3 
Tha4 
Tha5 
In all cases, young leaves were harvested, washed, mopped dry 
and then weighed after removing the rachis and midribs. The 
leaves were powdered in liquid N2 and stored at -70oC. The 
samples were taken out as and when required for DNA isolation. 
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Fig.4.1 Schematic depiction of the original locations of 
various provenances used in the present studies. 
The Indian provenances were collected from 
different states and the letters of the alphabet 
indicate these. 
A = state of Haryana 
B = state of Delhi 
C = state of Rajasthan 
D = state of Uttar Pradesh 
E = state of Gujarat 
F = state of Madhya Pradesh 
G = state of Bihar 
H = state of West Bengal 
I = state of Maharatra 
J = state of Karnataka 
K = state of TamilNadu 
The foreign provenances have been schematically 
depicted outside and around the map of India as 
PAK, NEP and THA respectively for Pakistan, Nepal 
and Thailand. 
Scale for the India map 1 cm = 240 km 
C \ 
• THA 
V J 
^h 
a^^ 
Figure 4.1 
Care was taken that the samples did not thaw before the 
isolation buffer could be added. 
4.2.2 DNA isolation 
Total DNA was isolated from the leaf tissue powder according to 
the protocol of deKockho and Hamon (1990), as described in the 
earlier chapter. The quality and quantity of each DNA sample 
was checked by comparing band intensity on 0.8% agarose gel 
as well as by flourometry (DyNA Quant'r'^200, Pharmacia) using 
Hoechst 33258 dye as the fluorochrome. The details of the 
procedures are as described in the chapter 3, section 3.2.5. 
4.2.3 Amplification reaction using Random primers 
The RAPD PCR according to Williams et al. (1990) was set up 
essentially as described by and carefully optimized for the 
present study (chapter3, section 3.2.6). According to these 
conditions, all RAPD experiments were set up with 50ng of 
template DNA, 0.5U of Taq DNA polymerase (Bangalore Genei, 
Bangalore, India), lOpmoles of the RAPD primer, 2.5mM Mg2+ 
concentration, 200ILIM each dNTP (Pharmacia, Sweden) and IX 
assay buffer, in a final volume of 25|il. After overlaying, the 
reaction mixtures with mineral oil, the tubes were placed on the 
robotic arm of the thermocycler (Robocycler, Stratagene GmbH, 
Germany). The PCR was initiated by a denaturation step of 94°C 
for 3 minutes, followed by 44 cycles each, consisting of 
denaturation for 1 minute, annealing at 35°C for 1:30 min and 
extension at 72°C for 1:30 min. The final cycle was allowed for 5 
min at 72°C extension. After the thermal cycler programme was 
complete, 2.5|il of tracking dye mix was added to the samples 
for loading on agarose gels. 
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4.2.4 Primer Screening 
In order to have a comprehensive idea of variability a large 
number of RAPD primers have to be used. However, instead of 
empirically testing each primer for the entire set of genotypes, it 
was decided to screen sets of primers with at least 2 different 
neem template DNAs. Those primers which did not result in any 
product or profile with both templates were not used there after 
for the full set. Primer kits were purchased from Operon Tech., 
USA. These are random decamer primers with 60-80% G+C 
content and which have been designed to have no internal 
complementary regions. The primers used in the present studies 
are given in Table 4.2. 
Table 4.2 : Primers thereof used for screening and the 
informative primers, selected for analysis of data obtained 
with full sets of neem DNA templates. 
Primer 
Kit u sed 
A 
B 
C 
D 
E 
F 
Primers screened 
OP-AOl to OP-A20 
OP-BO 1 to OP-B20 
OP-CO 1 toOP-C20 
OP-DO 1 t o O P - D 2 0 
OP-EOl t o O P - E 2 0 
OP-FOl to OP-F20 
Primers finally se lec ted for 
data analysis 
OP-A02, OP-A04, OPAIO, 
OP-A20 
OP-B03, OP-B05, OP-B07, 
OP-B12, OP-B15 
OP-C02, OP-C03, OP-C04, 
OP-C06, OP-C08, OP-C12, 
OP-C16, OP-C18 
OP-D08, OP-D09, OP-D18, 
OP-D20 
OP-E03, OP-E04, OP-E07, 
OP-E14, OP-R15, OP-E17, 
OP-E18 
OP-FOl, OP-F02, OP-F03, 
OP-F04, OP-F05, OP-F06, 
OP-F18, OP-F20 
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H 
T 
U 
AH 
AP 
OP-HOl to OP-H20 
OP-TOl to OP-T20 
OP-UOl to OP-U20 
OP-AHOl toOP-AH20 
OP-APOl toOP-AP20 
OP-H04, OP-H08, OP-H09, 
OP-H12, OP-H17, OP-H18, 
OP-H19,OP-H20 
OP-TOl, OP-T02, OP-T03, 
OP-T04, OP-T09, OP-T17, 
OP-T18,OP-T20 
OP-UOl, OP-U02, 0P-U15, 
OP-U16, OP-U18, 0P-U19, 
OP-U20 
OP-AHOl, OP-AH03, OP-
AH05, OP-AH08, OP-AHIO, 
OP-AH16,OP-AH17 
OP-APOl, OP-AP07, OP-
APIO, OP-AP17, OP-A20 
After the screening of the primers, for actual data analysis only 
those primers were considered, which resulted in consistent 
profiles amongst at least 90% of all the provenances used. 
Further, a primer was considered to be "consistent" if it resulted 
in comparable profiles in at least 3 different DNA preparations 
for each provenance. These finally selected primers are also 
listed in Table 4.2. The sequences of all the primers used for 
screening as above have been given as Annexure 1, at the end of 
the thesis. 
4.2.5 RAPD profile resolution 
The RAPD-PCR products were resolved on 1% agarose gels by 
electrophoresis carried out in 0.5X TBE buffer at 5V/cm. After 
completion of electrophoresis, the gel was stained in ethidium 
bromide solution of concentration l|ag/ml, for 15 min. To 
remove the excess of ethidium bromide the gel was destained in 
deionized autoclaved water for 10 min and photographed in 
transmitted UV light (302-312nm) using a transilluminator 
(Nighthawk, Gel documentation system, pdi Inc.). In the present 
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thesis all such images have been provided as laser prints after 
annotation of the image using MS-Office softwares. 
4.2.6 Data analysis 
For each primer, a matrix of all the amplified DNA bands 
present in different samples was generated using T to indicate 
when the band was present and '0' when the band was absent. 
Pairwise similarity of the profiles was determined using Jaccard 
algorithim (Jaccard, 1901), which is represented by the 
following formula 
Nab/(N-No) where 
N is the total number of bands to be considered between 
the two genotypes. 
Nab is the number of bands present in both the genotypes 
being compared at the same position. 
No is the number of bands that are absent from both the 
genotypes at the same position. 
This analysis was carried out using the 'RAPDistance' 
(Armstrong et ah, 1994) package received from J. Armstrong, 
Australian National University, Canberra, Australia as a gift. 
The UPGMA (Unweighted Pair Group Method with arithmetic 
Averaging) method was used to represent the similarity 
relationship among provenances, as a dendrogram according to 
Sokal and Sneath (1963). 
4.3 RESULTS 
Genomic DNA was isolated from all the 80 samples by the 
method of deKochko and Hamon (1990). The DNA yields were in 
the range of 0.050 to 0.188 mgifresh weight of leaf tissue. In 
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addition, DNA extracts were reasonably free of contaminants as 
determined from the A260nm/A280nm ratios, which were in the 
range of 1.60 and 1.80, amongst the 80 provenances selected 
for the present study. 
4.3.1 RAPD profiles for "Lucknow" population 
A total of 200 Operon primers were initially screened, out of 
which, 49 primers were found to result in consistent profiles. 
These include primers from D, E, H, T, U, AH and AP kits. The 
informative primers from these kits are listed in table 4.2. The 
RAPD data obtained with all these primers were considered 
cumulatively for the analysis of the relationship amongst the 
different genotypes. The typical RAPD profiles obtained with the 
primers OP-H17, OP-H18, OP-T03, OP-AP07 and OP-APIO in 
case of the 34 neem DNAs are shown in Fig 4.2a to 4.2e 
respectively. The fragments produced per primers varied in size 
from 120-5400bp. A total of 819 bands representing the most 
informative profiles from the 49 primers were analyzed for 
computation of pairwise similarity as described in the material 
and methods. 
4.3.2 RAPD profiles for "Jodhpur" population 
A total of 220 Operon primers were screened out of which 70 
primers were found to be informative. These include primers 
from kits A, B, C, D, E, F, H, T, U, AH and AP (Table 4.2). The 
RAPD data with all of these primers were considered 
cumulatively for the analysis of the relationship amongst the 
different provenances. The typical RAPD profiles obtained with 
primers OP-AHOl, OP-U19, OP-T02, OP-T04, OP-F051, OP-F18 
in case of 46 neem DNAs are shown in Fig 4.3(a to f) 
respectively. The fragments produced per primer varied in size 
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Fig.4.2 RAPD profiles of neem DNAs of "Lucknow 
population" using primers (a) primer OP-H17, (b) 
primer OP-H18, (c) primer OP-T03, (d) primer OP-
AP07 and (e) primer OP-AP-10. The amplification 
products from DNAs of 34 different neem genotypes 
were analyzed on 1% agarose gels. The lanes are 
collectively marked as 1-34 and the successive 
lanes contain samples as listed in Table 4.1. DNA 
molecular weight markers (A. DNA double digested 
with Hindlll and EcoRI) are in the lanes marked as 
M. 
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from 160bp-5200bp. A total of 928 bands were identified in case 
of the 70 informative primers and were analyzed for 
computation of pairwise similarity as earlier. The similarity 
index was calculated using Jaccard's coefficient. The UPGMA 
was used to generate the dendrogram for the two populations 
separately and these are given in Fig 4.4 and 4.5 respectively. 
4.4 DISCUSSION 
Work on genetic variation in neem tree at best appears to have 
been sporadic. Some of the cases of specific variation of fruit, 
seed, kernel and leaf morphology in neem may have a genetic 
basis. Similarity, timing and duration of leaf shedding, flowering 
and seed set, known to vary in different geographic zones and 
amongst provenances, may also have a genetic basis. The 
content of azardirachtin also varies greatly among different trees 
and regions or countries (Benge, 1989). Recently Gogate and 
Gujar (1993) have reported genetic variation in neem through 
phenological studies. In view of this it was decided to employ the 
RAPD techniques for the analysis of genetic variation in case of 
an important tree like neem, wherein despite its several known 
virtues, no data on large scale genetic and molecular variation 
have been reported to our knowledge. 
Genetic variability has been detected and analyzed with the help 
of RAPD profiles in case of several important trees (Mosseler et 
al, 1992, Bradshaw et at, 1994, Lin et al, 1994, Dawson et al, 
1995, Schnell et al, 1995). These studies have been made in 
case of trees that range from obligately cross-pollinated to trees 
that are either facultative or predominantly self-pollinated. 
Similarly genetic variations have been detected, both within and 
among natural populations (Lakshmi et al, 1997, Lerceteau et 
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ah, 1997, Bucci et al, 1997, Scheepers et al, 1997; Federci et 
ah, 1998, Gallois etal, 1998, Nebauer et al, 1999). 
In practice, the DNA amplification reaction is repeated on a set 
of DNA samples with several different primers, under conditions 
that result in several amplified bands from each primer. Usually 
numerous amplification products are generated during RAPD 
reaction. These products differ from each other in length and in 
internal nucleotide sequence (Dweikat et al, 1993) and are 
easily resolved on agarose or polyacrylamide gels by 
electrophoresis. After gel electrophoresis a banding pattern or 
"fingerprint" of the genome is obtained. Polymorphic bands are 
scored on the gels. Often a single primer can be used to identify 
several polymorphisms, each of which may map to a different 
genetic locus. The main difference from normal PCR consists in 
using only one oligonucleotide primer in the reaction. This 
primer is substantially shorter (about 10 bases long) in 
comparison with ordinary PCR primers (25-30 bases long), and 
since the homology of the primer sequence to that of the 
template is not known, the amplification is generally carried out 
at lower annealing stringencies. 
The total number of the products and the length of each one 
depend upon primer and template DNA, such that the resulting 
pattern is unique for each primer-template combination. The 
number of amplification products ranges from less than 10 to 
over a 100. This number correlates with genome size and is also 
determined by primer sequence. Some primers produce a rich 
banding pattern in combination with one template but can fail 
to produce any band with another template (Caetano-Anolles et 
al, 1991). 
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As the distribution of bases within a genome is not random 
(Stuckle et al, 1992), only a fraction of the target sites supposed 
to occur in the size range from 1 kb to 3 kb are thus amenable 
to RAPD amplification. Of these sites, only l / 4 t h of the primer 
positions are correct to create the primer couples on the 
opposite strands that can be extended by the DNA polymerase 
to result in an exponential amplification (Bassam et al, 1992). 
Furthermore, only such RAPD products that have discrete 
lengths detectable, after separation by electrophoresis, and can 
be considered for analysis. 
4.4.1 Primer Screening 
To start with, primer screening was done to select informative 
primer for analysis. There is no such thing as the specific 
minimum number of RAPD reactions to be carried out. In actual 
fact, RAPDs are most conclusive generally on more number of 
primers used. Therefore, more and more data should be 
included in the analysis till the essential or primary conclusion 
that can be drawn does not change with any addition to the 
data. These criteria are almost mandatory for phylogenetic 
consideration of RAPD data. Thus when a bigger plant genome 
is analyzed, a larger number of RAPD reactions have to be 
carried out, as compared to when only strains of the same 
species are being analyzed (Gyanchandani et al, 1998). In case 
of tree species where genetic relationship has been evaluated 
using RAPD markers, several ranges of primer numbers have 
been used. For example, in case of Malus, RAPD fingerprinting 
of cultivars and wild species have been carried out using 29 
selected primers (Dunemann et al, 1994), or in case of 
Mangifera indica, 28 primers were used for study (Schnell et al, 
1995), whereas in case of Rubus species where relationship is 
determined within and between Rubus species only ten primers 
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were sufficient enough to generate relationship (Graham and 
McNicol, 1995). 
The extent of polymorphism detected, is primarily limited by the 
number of primers used. Therefore, the best strategy to be used 
with RAPD technology is to screen many primers and select only 
those that give highly reproducible bands for scoring, rather 
than trying to optimise every primer/template combinations. 
Repeating the assay has rarely resulted in a changed score 
when the strong PCR products are scored, but replication of 
experiments helps to gauge the accuracy of the results. 
For the present study 220 primers were screened. Out of which 
the most informative reproducible primers were selected for 
further analysis. Amplification patterns obtained with some 
primers were complex and apart from strong bands few weak 
bands were also produced which were difficult to score. These 
strong bands probably consisted of highly repetitive sequences. 
Because of the limits of fragment separation of agarose gel, it 
could not be ruled out, that fragments with same relative 
mobility consisted of non-homologous sequences. However, 
within a genus it is likely that fragments shared by two species 
are allelic (Kazan et al, 1993). 
Some of the primers failed to give profiles with some of the 
primer/template combinations. Failure of PCRs, could be 
attributed to low or no homology of the primer sequence to the 
template, mismatched 3'-ends of the primers, high proportions 
of A+T or G+C sequences or primer-primer annealing. There 
could also be various experimental reasons for failure, since 
small aliquots of reaction components are added, error could 
even be due to pipetting. Even a simple component of the 
reaction like water has profound effect on F^PD reaction. In 
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some primer/template combinations smears were obtained, this 
could be due to unidirectional primer extension. However, some 
primers worked perfectly with one sample but not with the 
other, this could be due to the lack of readily amplifiable 
segments in the template DNA rather than a systematic 
problem. In any case in the present study, only those primers 
which resulted in reproducible profiles in at least 90% of the 
provenance's tested were considered as informative for further 
analysis. 
4.4.2 Analysis of "Lucknow" population 
The UPGMA dendrogram for this population is depicted in Fig 
4.4. The Lucknow samples seem to be grouped into 2 major 
clusters. In case of non-Lucknow samples, no major clustering 
was apparent except for small groups of provenances from 
Kanpur, Gorakhpur and Bahraich. The neem provenances, from 
Haldwani, Jabalpur, Jodhpur, Raipur and Ayodhya form one 
sub cluster while the other sub-cluster consists of one sample 
from Madras, two samples of unknown origin (trees at present 
exist in the Biomass Research Centre of NBRI at Banthra on the 
outskirts of Lucknow), and one each from Saugar and 
Ranichaura. These two sub-clusters show more similarities to 
each other and are further grouped together. The samples which 
separate from the major clusters are, one fromi Madurai and one 
from Gorakhpur, indicating that they may be 'more' distinct 
from the other neem trees. 
One the basis of similarity data for the RAPD profiles, the 
Lucknow as well as non-Lucknow samples exhibit relatively 
greater similarity amongst each other. The observation that the 
neem provenance from Saugar (in Central India) and 
Ranichaura (Northern India) group along with the neem from 
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Fig.4.4 UPGMA dendrogram generated from RAPD data 
for the "Lucknow" population. The numbers 
corresponds to the list given in Table 4.1, while the 
letters of alphabet indicate the States of the original 
locations of the provenances and correspond to 
those depicted in Fig.4.1. The scale at top of the 
figure gives the similarity index values. 
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Chennai (in Southern India) or that the provenance from 
Haldwani (North Eastern India), Jodhpur (Western India) and 
Jabalpur, Raipur (both from Central India) are grouped 
together, which further suggests that neem trees are similar to 
each other in DNA profiles to an extent that is greater than that 
expected. 
4.4.3 Analysis of the "Jodhpur" population 
The dendrogram for this population (Fig. 4.5) showed five major 
groups. In this population also, provenances from Northern 
India, Western India and Central India (provenance numbers 
38, 70, 72, 69, 60), were grouped in one cluster, while another 
cluster included provenances from Central India, Northern India 
and Western India (provenance numbers 51-55). Exotic 
provenances from different countries grouped together. The 
Nepal provenance was more closely related to Pakistan 
provenances. The Thailand provenances, reportedly belonging to 
another species, A. siamensis did not form a separate group. 
However, all 5 Thailand provenances were clubed together in 
one sub-cluster. One of the provenance (number 61) was a 
variant, which was morphologically different, showing narrow 
lamella and light yellow leaf colour, with unknown origins but 
maintained at AFRI, Jodhpur. This provenance came out as 
related to the Rajkot provenance (number 62), a place in 
Gujarat state. 
Since neem is believed to be highly cross-pollinated tree and 
since the original site of many of the provenances are separated 
from each other by hundreds of kilometer distances, a greater 
variability was expected in the RAPD profiles. However, the 
obvious clustering of some of the Uttar Pradesh provenances 
(provenances 31, 32, 34) along with those from Madhya Pradesh 
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Fig. 4.5 UPGMA dendrogram generated from RAPD data of 
"Jodhpur" population. The numbers corresponds to 
the list given in Table 4 .1 . The states and countries 
of the original locations of the provenances have 
been indicated in the parenthesis and correspond to 
those depicted in Fig.4.1. The scale at top of the 
figure gives the similarity index values. 
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(provenance 33) and TamilNadu (provenance 30) as seen in Fig. 
4.4 indicates relatively low variability amongst them. Similarity 
in the exotic neem provenances from Nepal, Pakistan and 
Thailand also resulted in their clustering together amongst 
several other Indian neem provenances (Fig. 4.5). This further 
suggests that the neem trees are similar to each other in DNA 
profiles to an extent that is greater than expected. Could this 
apparent similarity be due to random chance? We have 
calculated the probability that a given neem genotype will have 
an identical RAPD profile to that of another genotype according 
to Jeffreys et al. (1985) as follows : 
Probability p=(l-2x + 2x2)'^/'', where 
n = number of scorable bands 
X = the fraction of these bands that are common to the 
two genotypes under consideration. 
The probability calculated was found to be very low (ranging 
from 2.5x10-6 to 7.7x10-6) for all the RAPD primers that resulted 
in multibanded profiles (Fig. 4.2a, b; Farooqui et al, 1998). It is 
clear from these estimates of probability that very little of the 
similarity is due to random chance. The dendrograms for the 
two populations thus indicate a narrow genetic base which 
could be due to a lower number of seed origins of the 
provenances initially introduced and the size of their parental 
population i.e. seed origins coming from either, few parent trees 
or from few population. Furthermore, the cross-pollinated 
nature of neem has also been doubted in the recent years since 
a large number of apomictic seeds were also identified. With 
these considerations the result in present study, the first of its 
kind in case of neemi using the powerful RAPD approach to 
analyze genetic variation, have led to the conclusion that neem 
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apparent ly h a s a narrow genetic base from which it has 
seemingly evolved. 
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PCR BASED DFP USING MICRO- AND MINI-SATELLITE 
SEQUENCES 
5.1 INTRODUCTION 
The minisatellites, also called Hyper Variable Repeats (HVR) or 
Variable Number of Tandem Repeats (VNTR), are tandem 
repeats of a 10-60bp long DNA sequence motif. Variations in the 
number of tandem repeats at a minisatellite locus are 
considered to be the source of the observed polymorphism in a 
variety of organisms. Todate, a number of minisatellite 
sequences have been identified in humans, animals and plant 
species (Jeffreys et al, 1985; Brown and Tanksley 1993; 
Winberg et a/., 1993; Tourmente et a/., 1994). Most of the 
minisatellites share common motifs known as "core sequences" 
(Nakamura et al, 1988). ). Daly et al. (1991) could isolate and 
characterize rice sequences that were homologous to 33.15 and 
33.6 human like minisatellites. Thus studies have shown that 
minisatellite loci are inherited in a Mendelian fashion and are 
dispersed throughout the plant genome as reported in tomato 
(Brown and Tanksley, 1993) and rice (Zhou et al, 1995) and 
other plant genomes. 
Simple Sequence Repeats (SSR) or microsatellites are tandem 
repeats of di-, tri-, tetra- and penta-nucleotides and are 
ubiquitous in eukaryotic genomes. SSR markers have been 
reported to be highly polymorphic and informative in case of 
plants, providing many different alleles for each marker 
screened, even among closely related individuals (Akkaya et al, 
1992; Saghai-Maroof etaZ., 1994). 
To develop SSR markers a strategy of constructing genomic 
library, screening by hybridization with SSR probes and 
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sequencing positively hybridized clones is generally used (Condit 
and Hubbell, 1991; Wu and Tanksley, 1993; Thomas et al, 
1993; Lavi et al, 1994;). Another strategy that has been used is 
to search for SSR in public sequence database (Wang et al, 
1994). Primers are then designed frorh the sequence motifs to 
amplify microsatellites (Smulders et al, 1997). The primary 
disadvantage, however, of such approaches for use of SSR 
markers is the cost and research effort required to clone and 
sequence the SSR containing DNA fragments from plant species 
of interest where no nucleotide sequence data exist or are 
inadequate to identify SSRs. 
To overcome these limitations PCR amplification was carried out 
using a single primer composed of repeat sequence, this 
strategy was known as Single Primar Amplification Reaction 
(SPAR, Gupta et al, 1994; Weising et al, 1995). When mini- or 
micro-satellite regions are individually used as primer for 
amplification by means of PCR, they almost invariably show 
extensive polymorphism due to site-specific length variation in 
the intergenic region. As a consequence different number of 
markers are produced. In case of niiicrosatellite primers for 
SPAR, these target the SSR regions, which are abundant 
throughout the eukaryotic genome (Tautz and Renz 1984; Kiljas 
et al, 1995) and result in the amplification of the regions 
between the two successive SSRs. This type of SPAR has also 
been called as Micro-satellite Primed-PCR (MP-PCR) or Inter 
Simple Sequence Repeat-PCR (ISSR-PCR). The SPAR approach 
to minisatellite analysis has been described as Direct 
Amplification of Minisatellite-region D|NA (DAMD), which uses 
PCR and directs the amplification to regions rich in minisatellite 
repeats by using the core sequence of minisatellites as single 
primer. Heath et al (1993). In the Present study, therefore, 
SPAR marker technique was applied for analysis oi variability in 
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neem, where no sequence information on the genome is 
available. 
5.2 MATERIALS AND METHODS 
5.2.1 Plant material 
Two types of SPAR were carried out, namely, (i) MP-PCR/ISSR-
PCR and (ii) DAMD-PCR. In this study, neem provenances were 
selected from amongst the Jodhpur and Lucknow populations. 
These are listed in Table 5.1. 
Table 5.1 : List of neem provenances selected for SPAR studies. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 
9. 
10. 
11. 
12. 
13. 
Sample 
No. (as 
in 
Table 
4.1) 
1 
5 
17 
12 
34 
15 
18 
20 
23 
27 
25 
33 
28 
Provenances 
For MP-PCR studies 
NBRI Garden, 
Lucknow 
Banthra Research 
Centre, Lucknow 
Unnao 
Kanpur 
Ranichaura 
Jhansi 
Bahraich 
Gorakhpur 
Haldwani 
Rampur 
Jabalpur 
Saugar 
Ayodhya 
State / Country 
Uttar Pradesh 
ti 
M 
M 
It 
„ 
It 
It 
II 
II 
"Madhya Pradesh 
II 
West Bengal 
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14. 
15. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
26 
29 
37 
40 
41 
42 
43 
44 
45 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
Jodhpur 
Madurai 
For DAMD-PCR studies 
Kanpur 46 
Mathura 
Jabalpur 
Hoshangabad 
Indore 
Katni 
Bilaspur 
Raipur 
Sohangi 
Maihar 
Kutalia 
Govindgarh 
Ranchi 
Muzzafarpur 
Gurgaon 
Ladpur Kota 
Bikaner 
Jaisalmer 
Sikar 
Sawai Madhopur 
Pali 
Variant 
Rajkot 
Palanpur 
Satara 
Nagpur 
Amravati 
Sholapur 
Ravinagar 
Pune 
Rajasthan j 
TamilNadu 
Uttar Pradesh i 
1 
i 
Madhya Pradesh 
It 
ti 
rt ! 
II ! 
t 
I 
ti 
" 
II I 
t i 
Bihar 
" 
Haryana 
Rajasthan 
It 
ti 
II 
It 
II 
It 
Gujrat 
II 
Maharastra 
It 
H 
It 
II 
It 
122 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
17 
34 
16 
19 
21 
24 
27 
25 
33 
28 
29 
Mulug 
Bankura 
N.Delhi 
Nepal 
Pakistan 1 
Pakistan 2 
Poi Tao 
Uthai Thani 
Ban Noug Hai 
Khao Luang 
Ban Huey Sai 
Unnao 
Ranichaura 
Jhansi 
Bahraich 
Gorakhpur 
Haldwani 
Raipur 
Jabalpur 
Saugar 
Ayodhya 
Madurai 
Karnataka 
West Bengal , 
! 
i 
1 
Thailand 
11 
" 
" ! 
M 
Uttar Pradesh 
n 
n 
11 
It 
M 
II 
Madhya Pradesh 
M 
West Bengal 
TamilNadu 
5.2.2 Microsatellite and Minisatellite Primers 
To optimize the conditions for use of Simple Sequence Repeats 
(SSR) primers in PCR and to evaluate their potential in revealing 
ISSR DNA polymorphism in neem, 14 SSR primers were custom 
synthesized from Rama Biotech (Secunderabad, India) and CBT 
(New Delhi, India). The minisatellite core sequence were also 
custom synthesized from Bangalore Genei, Bangalore, India 
These universal sequences have been used as primer by other 
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workers for analysis of genetic variation. The sequences of these 
micro- and minisatellite primers are given in Table 5.2 below. 
Table 5.2 : The microsatellite (SSR) primers minisatellite core 
sequences used as primers in SPAR 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15. 
16. 
17. 
Primer Name 
TATC-6 
TGTC-4 
GATA-6 
GACA-4 
GTG-5 
CAC-6 
CTT-5 
GAA-G 
CAC-5 
GAA-6 
TG-10 
AT-10 
AAAT-4 
AATT-4 
33.6 
HBV(5) 
HVR(-) 
Sequence (5'-3'), Length 
(TATC)6, 24 mer 
(TGTC)4TGT, 19 mer 
(GATAjeG, 25 mer | 
(GACA)4, 16 mer 
(GTGjsG, 16 mer 
(CACjeC, 19 mer 
(CTTlsC, 16 mer 
(GAAjeG, 19 mer 
(CAC)5, 15 mer 
(GAA)6, 18 mer 1 
(TG)io, 20 mer 
(AT) 10, 20 mer 
(AAAT)4, 16 mer 
(AATT)4, 16 mer | 
GGAGGTTTTCA, 11 mer 
GGTGTAGAGAGAGGGGT, 17 mer 
CCTCCTCCCTCCT, 13 mer 
5.2.3 DNA isolation 
The total DNAs from leaves of the various provenances were 
isolated by the method of deKochko and Hamon (1990). The 
samples were checked both qualitatively as well as 
quantitatively by the method as described earlier in chapter 3. 
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5.2.4 Microsatellite Primed PCR (MP-PCR) 
5.2.4.1 Optimization of MP-PCR conditions 
Initially the MP-PCR conditions as proposed by Gupta et al. 
(1994) were used. It basically amplified the genomic DNA 
samples in the final volume of 30|al containing lOmM Tris-HCl, 
pH 8.4, 50mM KCl, 1.5mM MgCb, 0.01% gelatin, 0.2mM each of 
dNTP, 1.0|iM primer, 30ng genomic DNA and 0.75 units of Taq 
DNA polymerase. Amplification was performed for 35 cycles. 
Each cycle consisted of the following steps : 1 min at 95°C, 1 
min at the annealing temperature specified for each primer and 
5 min at 70°for the extension. 
For our study, the MP-PCR reaction conditions were optimized 
with few variations because the profiles obtained by the above 
conditions did not gave very distinct and clear profiles. The 
reaction conditions were standardized using (GAAjeG as primer 
and one neem genomic DNA. The annealing temperatures of the 
microsatellite primers were estimated in each case, and were 
varied from 2-10°C from its melting temperature. It was 
essential to optimize these annealing temperatures, as well as 
the different reaction components of MP-PCR, as this was the 
first molecular study on neem using microsatellite sequences as 
primers. 
Template DNA titration : The DNA was quantified on 
DynaQuant'^'^200 fluorometer, which gave the concentration 
directly in nanogram per ml. The template DNA amount was 
taken in the range of 25ng, 50ng, lOOng, and 200ng per 25fal 
reaction volume. A negative control was also set with no 
template DNA. 
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Primer titration : Different amounts of primer were used which 
ranged from 5, 10, 15, and 20 pmoles respectively. One negative 
control was also set which contained only template DNA without 
any primer. 
Magnesium titration : Different Magnesium ion 
concentrations, in the range 0, 2.0mM, 3.0mM, 4.0mM and 
S.OmM were used. 
dNTP concentration : The dNTP concentration is critical for the 
PCR reaction to take place. Each dNTP concentration, which 
was tried, included 0, 100, 200, 300 j^ M respectively. 
After optimization the final reaction was carried out in 10 \x\ 
volumes containing 50 ng of template DNA, lOpmoles of primer, 
200nM each dNTP, S.OmM Mg2+ ion concentration in IX assay 
buffer supplied along with the enzyme and 0.5 units of 
thermostable Taq DNA polymerase (Bangalore Genei, Bangalore 
India). The reaction mix was over-layed with a drop of mineral 
oil. The reaction was performed on Air Thermal Cycler (Idaho, 
Inc. USA). 
Annealing temperature : When all the reaction components 
were standardized the annealing temperature were optimized for 
each SSR primer. The optimum annealing temperature was 
determined in the range of 2-10°C lower than the denaturation 
temperature (Td) as shown in Table 5.3. The denaturation 
temperature was calculated according to Gupta et al. (1994), by 
adding 2°C for each A or T and 4°C for each G or C in the 
oligomer. 
Air Thermal Cycler program : The Air Thermal Cycler was 
programmed to include pre denaturation at 94°C for 30 
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seconds, followed by 30 cycles each, consisting of denaturation 
for 30 sec, annealing at the optimized temperature for 30 
seconds and extension at 72°C for 1 minute. The final cycle 
allowed an additional 5 min period at 72°C. for extension. 
The reaction products obtained after MP-PCR were analyzed on 
2% agarose gel. The gel was stained in ethidium bromide and 
visualized on UV transilluminator. Only distinct and well-
separated bands were included in the analysis. 
5.2.4.2 Predigestion of template DNA for MP-PCR 
The neem DNAs (5)ag) was digested with the restriction 
endonucleases EcoRl, JBamHI, Hzndlll, Dral, Pstl and Hinfl (all 
from New England Biolabs, USA) using 5 units of the enzyme for 
l|ag of DNA in total reaction volume of 50^1 under conditions 
recommended by the enzyme manufacturer. The digestion 
reaction was terminated after 3 hours incubation at 
recommended temperatures, by heating the samples at 65°C for 
10 minutes, followed by immediate cooling on ice. The digested 
DNAs were recovered from the reaction mixture after extraction 
once with phenol and twice with chloroform and then 
precipitated with 2.5 volumes of ethanol. The precipitated DNAs 
were re-hydrated and suspended in 50|al of sterile water. The 
concentration of the digested DNAs was determined by 
fluorometry and 50ng of the digested DNA was used as the 
template for PCR. 
5.2.5 Direct AmpliHcation of minisatellite DNA (DAMD-PCR) 
5.2.5.1 DAMD-PCR components 
The reaction components were similar to that as optimized for 
microsatellite sequence primers. The reaction mixture contained 
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50ng of template DNA, lOpmoles primer, 3.0mM magnesium 
ions, 200^M each dNTP, 0.5U enzyme and IX buffer. The 
volume was made up to 10|a.l with deionized sterile water. The 
reaction mix was over-layed with one drop of mineral oil. 
5.2.5.2 DAMD-PCR conditions 
The DAMD-PCR was carried out basically as according to Zhou 
et al. (1997), with few modifications. The optimum annealing 
temperatures were determined by carrying out DAMD-PCR at 
three annealing temperatures 47°C, 50°C and 55°C. 
The cycling parameters were as follows : First cycle of 94°C for 1 
minute for initial denaturation of template, then 35 cycles of 
incubation at 94°C for 30 seconds, at annealing temperature for 
1 minute and 72°C for 1 miinute. Last cycle allowed for 5 minute 
at 72°C for extension. These conditions were used with all 
minisatellite primers. The products obtained were 
electrophoresed on 2% agarose gel in 0.5X TBE buffer at 5V/cm. 
After electrophoresis the gel was stained in ethidium bromide 
and then visualized and photographed on gel documentation 
system. Only distinct and well-separated bands were included 
in the analysis. 
5.3. RESULTS 
5.3.1. MP-PCR analysis 
The genome variability can be studied using several different 
approaches. In the present study, PCR based fingerprinting, 
namely, SPAR (Gupta et al, 1994), has been used to reveal 
genetic variability in neem. 
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5.3.1.1 Optimization of MP-PCR conditions 
Initially micro satellite primers were used exactly according to 
conditions as proposed by Gupta et al, 1994. On the basis of 
such results as shown in Fig. 5.1, it was clear that the reaction 
conditions required to be optimized. Since, the (GAAjeG primer 
gave the clearest profiles, it was selected for the optimization 
trials. 
MP-PCR conditions were optimized for parameters like varying 
amount of primer, template, Mg^+ion and dNTP using (GAAjeG 
as primer and one neem DNA as template. Fig 5.2(a) shows the 
influence of variation in Mg^+ion concentration (lane 1-5) and 
primer concentration (lane 6-10), while Fig. 5.2(b) shows the 
effect of template concentration on amplification products with 
(GAA)6G primer. No amplification was obtained with low 
amounts of Mg2+ ions as well as in the absence of Mg2+ ions (Fig. 
5.2a, lane 1 and 2). Higher Mg2+ ions concentration (5.0mM) 
resulted in more bands. S.OmM Magnesium concentration was 
considered to be optimum. Variation in primer from 5 to 
20pmoles did not appreciably alter the profiles as shown in Fig 
5.2a (lane 7-10). Likewise, template DNA concentration in the 
range of 25 to 200ng (Fig. 5.2(b), lane 11-15) also did not result 
in any large scale variation in the profile. 
14 different microsatellites were custom synthesized for use as 
primers. The primers were 15-25 bases long and represented 
SSRs with repetitions of di-, tri-, and tetra nucleotide motifs. 
The annealing temperatures were optimized for each SSR-
primed PCR as described in Material and Method. The results of 
such optimization are given in table 5.3. Of the fourteen primers 
tested, 50% produced patterns of discrete bands. Most of the 
oligomers with tetranucleotide repeats either did not result in 
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any amplification or resulted only in a smear. The trinucleotide 
repeat pr imers on the other h a n d were most effective and 
resul ted in distinct amplification profiles with most of the 
pr imers revealing broadly similar profiles across the 
provenances . 
Table 5 .3 : Determination of the op t imum annealmg 
tempera ture for the different microsatellite or SSR 
primers . Td was calculated as described in the materials 
and methods . The shaded a reas indicate tha t the best 
profiles were obtained at tha t t empera ture for the primer. 
The PCR resul ts are indicated as P for mult ibanded 
profiles, NP for no profiles and S for smears or fuzz\ 
bands . 
S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Primer 
sequence 
(TATC)6 
(TGTC)4TGT 
(GATAleG 
(GACA)4 
{GTG)5G 
(CAC)6C 
(CTT)5C 
(GAA)6G 
{CAC)5 
(GAA)6 
(TG)io 
(AT) 10 
(AAAT)4 
(AATT)4 
Td (X) 
60 
56 
64 
48 
54 
64 
44 
52 
50 
48 
60 
40 
32 
32 
Annealing 
temperature (°C) and 
Result of PCR 
51 , NP 
45, NP 
54, NP 
38, P 
45, P 
54, P 
34, NP 
42, P 
42, S 
38, P 
51, NP 
30, NP 
22, NP 
22, NP 
54, 
48, 
57, 
42 , 
49, 
57, 
38, 
45, 
45, 
42 , 
54, 
34, 
26, 
26, 
NP 
NP 
NP 
P 
P 
P 1 
NP 
P 
S+P 
P 
NP 
NP 
NP 
NP 
57, P 
52, NP 
61, S 
45, P 
51, P 
61, P 
^42, NP 
47, P 
47, S 
45, P 
57, S 
38, NP 
30, NP 
30, NP 
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On the basis of these trials, the conditions were optimized which 
included, 50ng template DNA, lOpMoles primer and S.OmM 
Mg2+ ions. The other components of the PCR were as described 
in the methods . 
5 .3 .1 .2 MP-PCR profiles 
DNA from 15 different provenances (Table 5.1) was amplified 
us ing the primers, which gave reproducible profiles according to 
op t imum conditions a s described above. In experiments with 
(GAA)6, (GAAjeG and (CACjs most informative pa t te rns were 
produced at 45°C which is the optimal anneal ing temperature 
for these primers. Primers with repeat motifs (TGTC), (CTT), 
(AT), (AAAT) and (AATT) did not produce any profiles at the 
different anneal ing t empera tu res tested (Table 5.3). Most of the 
dinucleotide and tetranucleotide repeat pr imers were ineffective 
and showed smear of fuzzy and weak b a n d s profile. 
The profiles obtained after amplification of DNAs of 15 
provenances with (GAA)6G, (CAC)5 and (GAA)6 are depicted m 
Fig. 5.3, Fig.5.4 and Fig.5.5 respectively. The profiles obtained 
were mostly similar and in very few cases such a s with (GAA)6G 
primer one or two extra b a n d s were detected in some of the 
provenances (1-3, 7-9 and 12) after amplification. These bands 
are indicated in the figure 5.3 with white ar rowheads . Of these, 
provenance 8 had two extra bands . The products obtained were 
of low molecular weight, in the range of 1200-180bp, while m 
case of (CAC)5 and (GAA)6 primers , the profiles obtained 
amongs t the provenances were mostly similar. The profiles in all 
these cases consisted of closely spaced b a n d s in the size range 
of 5100-220bp. 
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5.3.1.3 Restriction endonuclease digestion and PCR 
amplification. 
The amplification profile with 15 provenances using the primers 
(GAAjeG, (GAAje and (CACjs revealed mostly similar profiles 
amongst all the genotypes. It was expected that variation would 
increase after PCR by predigesting the DNAs with restriction 
endonucleases. In a preliminary experiment, initially one neem 
DNA was predigested with 6 different restriction enzymes 
Hindlll, EcoRl, BamHl, Pstl Hinfl and Dral as detailed in 
methods. The PCR profiles obtained for predigested DNAs using 
(CAC)5 primer are shown in Fig. 5.6. The DNA digested with 
enzyme Hinfi did not produce any profile while in 5 other cases 
distinct profiles were obtained. Based on these patterns, the 
enzymes EcoRI, BamHl and Hindlll were selected for the 
digestion of the same 15 neem provenance DNAs as used for 
PCR without any pre-digestion (Table 5.1). The pre-digested 
DNAs were then amplified with (GAAjeG, (GAAje and (CACjs 
micro satellite primers. The amplification products were in the 
range of 2200-160bp. The PCR profiles obtained after the 
digestion with EcoRI and using (CACjs as primer are shown in 
Fig. 5.7. There was variation in the molecular weight of the 
products obtained after amplification of the digested and 
undigested DNA. However, the profiles were still broadly similar 
amongst the genotypes, and contrary to expectation, large-scale 
variation could not be identified across the 15 provenances. 
5.3.2 DAMD profiles 
Primers were synthesized based on the following minisatellite 
core sequences, 33.6 (Jeffreys et at, 1985), HBV5 (Nakamura et 
al, 1987) and HVR (-) (Winberg et al, 1993) sequences as 
mentioned in material and method section. The PCR was carried 
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Fig.5.6 MP-PCR amplification profile of pre-digested neem 
DNA primed with (CACjs. The products were 
resolved on 2% agarose gel. Lanes 1-6 shows 
template DNA digested with EcoRI, BamUl, Hinfi, 
HindlU, Pstl and Dral respectively. Lane M shows X 
DNA Hindlll/EcoRl double digest as molecular 
weight marker. 
M 
Figure 5.6 
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out essentially according to Zhou et al. (1997) using Idaho Air 
Thermal Cycler. There were two to ten clearly distinguishable 
bands amplified by DAMD-PCR in the different samples of 
neem, with distinctly polymorphic banding patterns, after 
amplification with the 33.6 primer (Fig.5.8). Though no 
individual specific profile was obtained, there were 3-4 groups of 
samples with similar types of profile. The amplification products 
were in the range of 5600-180bp. With HVR(-) smears were 
obtained in most cases, while with HBV5 primer, the profiles 
were not very distinct since the bands were visible along with 
background smear. These two profiles (with HBV5 and HVR 
primers) could not be improved upon even by varying different 
reaction parameters and stringent conditions (data not shown). 
5.4 DISCUSSION 
5.4.1 MP-PCR analysis 
Microsatellites have been successfully used in case of various 
plant genera (Weising et al, 1989, 1991) including Brassica 
(Poulsen et al, 1994), Beta (Schmidt et al, 1993), Cicer (Weising 
et al, 1992) and Lycopersicon (Kaenner et al, 1995) for the 
assessment of genetic diversity in all these cases. The 
hypervariable nature of repeat DNA makes them an ideal 
marker for population genetic studies. Variation in tandem 
repeat length accumulates in population more rapidly than the 
point mutation and large insertion /deletion events responsible 
for RFLP. These have been used to assess genetic diversity in 
inbred lines as in dent corn and popcorn (Kantety et al, 1995); 
in Douglas fir and sugi (Tsumara et al, 1996), and Rubus 
cultivars (Fang and Roose 1997). 
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Inter Simple Sequence Repeat markers involves PCR 
amplification of DNA using a single primer composed of 
microsatellite sequences, sometimes anchored at the 3' or 5' end 
by 2 to 4 nucleotides. These primers target the simple sequence 
repeats and amplify the intervening region between the two 
SSRs in opposite orientations. This, technique does not require 
prior knowledge of the genome, since these SSRs are 
abundantly present in the plant genome in many copies of 
varying repeat units (Langercrantz et at, 1993). Due to their 
varying repeat numbers at a given locus, the elements 
frequently change their length by slipped strand mispairing, the 
surrounding single copy sequence are normally not affected and 
therefore provide a valuable source of polymorphism for 
identification of species and cultivars (Weising et al, 1991, 
1992). ISSR repeat polymorphic DNA was evaluated for its 
applicability as a genetic marker system and compared with the 
other commonly used markers as RFLPs and RAPDs by Nagaoka 
and Ogihara (1997), in case of wheat. The genetic relationships 
of wheat accessions estimated by ISSR markers were identical 
to those inferred by RFLP and RAPD markers, indicating that 
the reliability of ISSR markers for the estimation of genotypes. 
The characteristic feature of ISSR markers i.e. polymorphism, 
generation of information and ease of handling increases their 
applicability in genome analysis. ISSR m.arkers have also been 
used in case of rice fingerprinting (Blair et al, 1999). The 
potential of ISSR-PCR for fingerprinting purpose was evaluated 
in case of potato also, where four microsatellite primers were 
found to be sufficient for complete diagnosis of cultivars (Prevost 
and Wilkinson, 1999). 
In the present study, the microsatellite sequences were 
annealed at different temperatures that were between 2°C to 
10°C lower than the Td of the primer, so as to devise the 
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optimum temperature for a particular microsatellite. Of the 14 
primers tested, 50% produced patterns. This is similar to the 
situation in case of citrus ISSR markers wherein out of 46 ISSR 
primers screened, only 22 resulted in profiles while the rest 
either did not produce any profiles or resulted in a smear of 
fuzzy band patterns (Fang and Roose 1997). 
The microsatellite oligomers used in the present study ranged 
from 15mer to 25mer. The trinuleotide repeat primers were 
most effective and resulted in amplification profiles with most of 
the primers revealing broadly similar profiles across the 
provenances. The patterns were, however reproducible among 
experiments, DNA samples and primer lots. For analysis, tri-
and tetra-nucleotide motifs have gained more and more 
attention as compared to the dinucleotide repeats, because they 
present a clearer banding pattern after PCR and gel 
electrophoresis (Hearne et ah, 1992). In experiments with 
(GAA)6G and (GAA)6, most informative patterns were produced 
at 45°C, which is the optimal annealing temperature for these 
primers. Most of the tetranucleotide repeat primers were 
ineffective and showed smears or fuzzy and weak band profiles. 
Such profiles reflect either the abundance of these repeats in 
the genome or that such patterns may be the result of 
amplification due to annealing to complementary strands of the 
repeat to each other to form concatemers (Jeffrey et ah, 1988). 
Surprisingly none of the AT rich primers resulted in any profile. 
This could be due to lack of AT rich repeats in the genome of 
neem, a result apparently in contrast to the reportedly high 
abundance of (AT)n repeats in many plant genomes (Condit and 
Hubbell, 1991; Akagi et a/., 1997). 
Majority of profiles obtained with SSR primers consisted of 
several closely spaced bands and no fragments that were 
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obviously polymorphic amongst the genotype could be 
identified. This was surprising since these results indicated that 
the ISSR regions were also apparently conserved at least in 
length if not entirely in sequence. 
In order to ascertain whether or not this was true, the neem 
template DNAs were pre-digested with selected restriction 
endonucleases and then used for PCR with (GAAjeG, (GAA)6 and 
(CAC)5 as primer. It was expected that the pre-digestion of the 
DNA with the restriction endonuclease may reveal differences 
across the provenances in their ISSR that were amplified with 
the microsatellite primer, in the form of distinctly polymorphic 
bands. The profiles indicated that in case of DNA template 
predigested with EcoRI, a relatively greater degree of 
polymorphism among discrete but faint bands could be revealed 
than that in case of predigestion with BamHl and Hindlll. 
However, the polymorphism was still not distinct and well 
spaced enough to enable the identification of individual or 
provenance specific profiles in case of neem. That the template 
DNAs were digested was judged from the fact that relative to 
undigested DNAs which produced 4900-220bp fragments, the 
predigested templates resulted in fragments in the size range 
2200-180bp. The microsatellite primed PCR profiles did not 
reveal any large-scale variations amongst the neem 
provenances. These results of low polymorphism with 
microsatellite primers also support our earlier inference with 
that of RAPD markers, that neem genome seemingly has low 
levels of genetic diversity. 
5.4.2 DAMD-PCR analysis 
In 1985, new types of hypervariable nuclear sequences were 
discovered in human genome, and were called as 
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"minisatellites". Minisatellite is a type of repetitive sequence 
composed of tandem repeats usually 10-30 base pairs long 
consensus or "core" sequences with medium to high variability. 
The term minisatellite was chosen because this class of DNA 
(Jeffreys et at, 1985) are preferentially located near telomeres 
and by analogy to the classical CsCl equilibrium centrifugation 
identified "satellite" DNAs that were found to have repeat units 
100-300bp long. Plant minisatellites were first revealed and 
studied using heterologous bacteriophage Ml3 probe (Rogstad 
etal, 1988). 
Tandem repeats are known to occur in genome of numerous 
gymnosperm and flowering plants (Nybom and Rogstad, 1990; 
Nybom and Schaal, 1990). As concerned, with their 
applications, minisatellites are highly potent in genotyping i.e. 
in identification of individuals. Human minisatellite probes have 
also been used in molecular taxonomy of crop species such as 
rice (Dallas, 1988), tomato (Brown and Tanksley, 1993) and 
grapes (Thomas et at, 1993). Plant population study was made 
by Schaal et al. (1991), on individuals of Acer negundo, using 
minisatellite as probes. 
Hence, considering the applicability of minisatellite core 
sequences, we used the technique of Heath et al, (1993) called 
as DAMD, which uses PCR to direct the amplification to regions 
rich in minisatellites. Distinctly polymorphic banding pattern 
was observed when minisatellite core sequence primer 33.6 was 
used with neem DNA as template. Since the PCR reactions were 
done at high stringency, DAMD-PCR yielded highly reproducible 
results with all samples tested. However, no individual specific 
profiles were obtained. Few groups of provenances with similar 
patterns were produced, showing similar kind of genome 
organization. These observations suggested that DAMD-PCR, 
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successfully amplified the neem genomic DNA, producing RAPD 
like results for the identification of specific region in the 
genome. It has been speculated that if a portion of a 
minisatellite array is involved in an inversion this would make 
PCR possible using a single minisatellite core sequence as a 
primer. If inversions have taken place, then the repeats would 
most likely have a piece of single copy flanking DNA inserted 
between them. Therefore, DAMD could also amplify sequences 
formerly adjacent to hypervariable minisatellite loci (Heath et 
aZ.,1993). Furthermore, since minisatellite core sequences are 
larger than RAPD primers, DAMD-PCR can be effectively carried 
out at relatively high strigencies, thus yielding highly 
reproducible results (Heath et at, 1993). 
M13 derived primer sequences have been used in PCR analysis 
on intraspecific variation of Poplar and willow (Lin et ah, 1994; 
Chong et at, 1995). By means of highly specific M13-PCR 
fingerprinting technique the mutant and revertant tissues were 
analysed in case of Quercus sp. /Fladung and Ziegenhagen, 
1998). M13 primers have also been used to differentiate between 
32 megagametophytes, which were investigated from seeds of a 
single silver fir {Abies alba) tree (Degen et aZ.,1995). PCR-primed 
with minisatellite core sequences yielded DNA-fingerprinting 
probes in wheat (Bebeli et ah,1997). Hence the minisatellite 
primer pair is suggested to be universally applicable in PCR-
fingerprinting experiments enabling the genetic differentiation of 
individuals of tree species. 
The two other primers HVR (-) and HBV5, did not reveal any 
distinct profiles. This could be due to absence or less 
occurrence of an inversion site of minisatellite region. Therefore, 
the primers could not amplify sequences formerly adjacent to 
hypervariable minisatellite loci and only single stranded 
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amplification would have taken place resul t ing in a smear and 
in some cases few b a n d s within the smear. 
The resu l t s of minisatellite and microsatellite pr imers used for 
analyzing neem genetic diversity showed more genetic similarity. 
The ISSR marke r s could not differentiate the neem genotypes 
into different groups of profiles according to their geographical 
location, which are h u n d r e d s of kilometer apar t . This shows 
tha t the intervening region between the two SSR are also 
conserved. The DNA-fmgerprinting us ing minisatellite as primer 
showed groups of profiles, bu t no individual specific profiles. 
This resul t also shows genetic similarity among the genotypes of 
neem originating from different geographical locations. 
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Chapter 
( i ^ ^ -
INTER- AND INTRA-GEOGRAPHICAL GROUP RELATIONSHIP 
AMONGST NEEM PROVENANCES 
6.1 INTRODUCTION 
The RAPD profiles have generally been carried out for studies on 
determination of genetic variability within germplasm, between 
wild and cultivated plants and at inter- and intra-species level 
within finite populations in case of several plants. Thus, RAPD 
analysis was employed for assessing the genetic diversity in 
coffee and it was found that differences in morphology and 
geographical origin of the genotype was reflected in similarities 
in the RAPD patterns (Orozco-Castillo et ah, 1996). On the other 
hand the study in case of Eucalyptus genotypes with RAPD 
markers revealed the power of the technique in resolving 
ambiguities in sampling and genotype identification (Keil and 
Griffin, 1994). In case of Arachis germplasm, Lanham et al. 
(1992) have determined the extent of genetic variability for 
exploitation in the groundnut improvement programme. In a 
similar type of study, Virk et al. (1995) have analysed the 
germplasm collection of rice accessions by RAPD methods. This 
study has enabled a reliable and rapid method of classifying rice 
accessions which were new or unknown. RAPD technology has 
also been chosen as a means of generating markers to 
investigate the gene introgression in plants obtained after 
sexual hybridization as in case of crosses of Brassica sp (Lifol et 
al, 1997). In this way several other plants for various 
applications have been studied using RAPD technique (reviewed 
in Ranade and Sane, 1995). 
RAPD technology, despite the above-mentioned and other 
reports of applications, has problems of reproducibility of 
profiles, since these are produced by primer annealing 
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invariably under low stringency conditions. The primary result 
of this low annealing stringency is generation of faint bands 
interspersed with prominent bands. These faint bands are 
generally not scored during data analysis. This is in fact a major 
drawback with RAPD technology. In order to alleviate these 
problems, several workers have employed polyacrylamide gels 
for the resolution of RAPD profiles and silver staining of these 
gels to reveal the profiles. Silver staining reportedly increases 
the sensitivity of detection by two, to five folds (Caetano-Anolles 
etal, 1991, 1992; Huff and Bara, 1993; Huff et al, 1993, 1994; 
Novy et al, 1994). This has resulted in a reduction in 
misscoring of bands, especially in situations involving epistatic 
interactions between primer sites (Heun and Helentjaris, 1993). 
This technique has been successfully used in identification of 
intra-cultivar genetic heterogeneity in Cranberry (Novy and 
Vorsa, 1995). 
This chapter describes the augmentation of the potential of 
RAPD studies for a more comprehensive analysis of genetic 
variability in case of neem. A small sub-set of provenances 
representing individuals of same as well as different 
geographical areas was selected for the study with the 
expectation that a better estimate of genetic variation could be 
arrived at using the higher resolution silver staining technique. 
6.2 MATERIALS AND METHODS 
6.2.1 Plant material 
The plant material was selected from amongst the genotypes as 
listed in Table 4.1 of Chapter 4. 
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Table 6.1 The provenances selected for study were grouped in 
four subsets A,B,C,D. 
Subset 
A 
B 
C 
D 
S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Sample No. as 
in Table 4.1 
1 
5 
8 
35 
36 
37 
38 
74 
75 
76 
77 
78 
79 
80 
Provenances (Country) 
Lucknow (India) 
Lucknow (India) 
Lucknow (India) 
Kanpur 27 (India) 
Kanpur 28 (India) 
Kanpur 46 (India) 
Kanpur 48 (India) 
Pakistan 1 (Pakistan) 
Pakistan 2 (Pakistan) 
Poi Tao (Thailand) 
Uthai Thani (Thailand) 
Ban Noung Hai (Thailand) 
Khao Luang (Thailand) 
Ban Huey Sai (Thailand) 
6.2.2 DNA isolation 
The genomic DNA was isolated from neem leaves by the method 
of de Kochko and Hamon (1990) and its quality and quantity 
was analysed as described in Chapter 3. 
6.2.3 RAPD reaction 
The reaction mixture and PCR conditions were the same as 
those described in Chapter 4. 
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6.2.4 Primers used 
Primers OP-T05, OP-T06, OP-T08, OP-TIO, OP-T12, OP-F02, 
OP-F03, OP-F04, OP-UIO, OP-U15, OP-U17, OP-U18, OP-U19, 
and OP-U20, were selected from the Operon kits for the RAPD 
reactions, since these had generated informative profiles when 
used for the genetic diversity studies as described in Chapter 4. 
The primer sequences are given in Annexure 1, at the end of the 
thesis. 
6.2.5 Agarose gel electrophoresis 
After RAPD-PCR was completed, the amplification products were 
electrophoresed in 1% agarose gel as already detailed in Chapter 
4. The profiles were revealed by ethidium bromide staining of 
the gels. 
6.2.6 Polyacrylamide gel electrophoresis 
RAPD produces a range of bands which vary widely in intensity 
making them difficult to visualize using conventional agarose gel 
elecrtrophoresis procedures. RAPD profiles resolved in 
polyacrylamide gel electrophoresis and stained by silver nitrate 
allowed more detailed analysis of complex fingerprints. 
Procedure : For a 10 ml polyacrylamide gel of strength 8% 
(w/v), the following composition was used : 
bis:aciylamide mix (29:1), 30% (w/v) 2.66ml 
TBE Buffer, pH 8.0, lOX stock 1ml 
Sterile water 5.27ml 
APS (ammonium persulphate) 10%(w/v), 70|xl 
freshly made 
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TEMED (N,N,N',N'- 3.5^1 
tetramethylethylenediamine) 
The mixture was poured in the sealed mould of glass plates, the 
appropriate slot former was inserted and the entire assembly 
left aside for 30 minutes to allow polymerization of the 
acrylamide gel. Loading dye was mixed with the sample and 
loaded on the gel. Electrophoresis was carried out till the 
bromophenol blue marker dye had migrated to 3 / 4 ^ distance 
from the well along the length of the gel. 
6.2.7 Ethidium Bromide staining of agarose gel 
The RAPD-PCR profiles obtained were resolved on 1% agarose 
gel. The gel was stained with ethidium bromide (0.5^g/ml 
concentration) for 15-20 min. The excess stain was de-stained 
in de-ionized water with gentle shaking for 30 min, prior to 
visualization and archiving using Nighthawk gel documentation 
system (pdi Inc., USA). 
6.2.8 Silver staining of polyacrylamide gel 
The PCR profiles obtained were resolved on polyacrylamide gels, 
and this enabled us to detect more number of bands. A fast and 
highly sensitive silver staining method as given by Caetano and 
Gresshoff (1994), was used with a few modifications. This 
procedure reportedly which allowed an accurate detection of 
nucleic acid, down to Ipg DNA/mm^ band cross section with 
minimum background staining. 
Procedure: The silver staining of polyacrylamide gel basically 
consisted of 6 steps, which are given in Table 6.2 
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Table 6.2 : Steps involved in silver staining of polyacrylamide 
gels 
S. No 
1. 
2. 
3. 
4. 
5. 
6. 
Steps 
Fixation 
Wash (3X) 
Silver 
impregnation 
Rinse 
Image 
development 
Stop 
Reagent 
Fixer solution (acetic 
acid, 7.5% v/v) 
Deionized water 
Silver Solution 
(AgN03l.5g/l, 
formaldehyde, 
0.056% v/v) 
Deionized water 
Developer (Na2C03, 
30g/l, HCHO, 0.056% 
v/v, 200)xg/l sodium 
thiosulphate) 
Fixer Solution (acetic 
acid, 7.5% v/v, 
chilled at 4°C) 
Time required 
10 min 
2 min each 
30 min 
5 sec 
5-10 min 
5 min 
All the chemicals used were of analytical grade and solutions 
were prepared in deionized water. The fixer solution could be 
stored at room temperature, but the stop solution should be 
stored at 4°C. The silver nitrate/formaldehyde and developer 
solutions were prepared fresh every time. After optimum 
staining the polyacrylamide gels were dried between cellophane 
sheets and were photographed and scanned using gel 
documentation system, (pdi Inc.). 
6.2.9 Data analysis 
The bands in both staining techniques were scored for presence 
and absence and a data matrix was made as described earlier in 
chapter 4. Computer analysis of the data was also carried out 
as described in Chapter 4. 
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6.3 RESULTS 
6.3.1 RAPD products resolved on Agarose gel after staining 
with ethidium bromide 
A total of 108 scorable RAPD bands varying in size between 
180bp-3000bp were generated with 14 primers. Some of the 
DNA markers were shared among all the genotypes, and were 
described as invariable or monomorphic, as in case of primer 
OP-F02 and OP-F03, as shown in Figure 6.1 and 6.2(b). The 
monomorphic band in these figures is indicated by solid arrow. 
These two invariable markers may have been amplified from 
highly conserved regions of the neem genome, whereas others 
were unique to a particular group, as in case of primer OP-AH03 
(Fig 6.2 a), OP-F03 (Figure 6.2 b) and OP-U20 (Figure 6.2 c). 
These markers are indicated in the figure by an open arrow and 
are specific to the group of provenances form Thailand. The 
other typical profiles obtained with primer OP-UIO, OP-U15 and 
OP-T08 are shown in Figure 6.3(a), 6.3(b) and 6.3(c) 
respectively. 
6.3.2 RAPD products resolved on polyacrylamide gel after 
silver staining 
Optimization of silver staining for RAPD profiles on 
polyacrylamide gel : The silver staining procedure of nucleic 
acids is based on a photochemically derived silver stain 
(Goldman and Merril, 1982), originally designed for the staining 
of protein. The detection of nucleic acids was optimized using a 
double digested Hindlll/EcoRI X DNA resolved by polyacrylamide 
gel electrophoresis, using the modified protocol of Ceatano-
Anolles and Gresshoff, (1994). Image development was in the 
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1.1. RAPD profiles of neem DNAs with OP-F02 
Drimer. The amplification products from DNAs of 14 
leem provenances were analyzed on 1% agarose 
^els. The lanes marked 1-14 contain samples as 
isted in Table 6.1. DNA molecular weight markers 
X DNA double digested with EcoRI and Hindlll) are 
ndicated as lane M. 
rhe solid arrow indicates a monomorphic band 
Dresent in all provenances. 
9 10 11 12 13 14 
Figure 6.1 
Fig. 6,2 RAPD profiles of neem DNAs using 3 primers, 
namely, (a) OP-AH03, (b) OP-F03) and (c) OP-U20. 
The amplification products from DNAs of 14 neem 
provenances were analyzed on 1% agarose gels. The 
lanes marked 1-14 contain samples as listed in 
Table 6.1. DNA molecular weight markers (k DNA 
double digested with EcoRI and Mndlll) are 
indicated as lane M. 
•1 
The solid arrow shows monomorphic and open 
arrow shows the Thailand provenance group 
M l 2 3 4 5 6 7 8 9 10 11 12 13 14 
Figure 6.2 
Fig. 6.3 RAPD profiles of neem DNAs using 3 primers, 
namely, (a) OP-UIO, (b) OP-U15 and (c) OP-T08. 
The amplification products from DNAs of 14 neem 
provenances were analysed on 1% agarose gels. The 
lanes marked 1-14 contain samples as listed in 
Table 6.1. DNA molecular weight markers (A, DNA 
double digested with EcoRI and HmdIII) are 
indicated as lane M. 
M l 2 3 4 5 6 7 8 9 10 11 12 13 14 
Figure 6.3 
presence of sodium thiosulphate, as suggested by Blum et al. 
(1987) and using higher concentration of formaldehyde. This 
procedure was highly sensitive and prevents background 
staining and is also without any loss in contrast. It uses less 
silver and no oxidizing pretreatment is required. This protocol 
has fewer steps and stains complex mixtures of DNA resolved in 
non-denatured polyacrylamide gels. 
The silver nitrate concentration was taken as lg/1 and 1.5ml/l 
of formaldehyde 37% (w/v) in silver nitrate was added freshly. 
The high concentration of formaldehyde in silver nitrate solution 
improved both sensitivity and contrast. While band intensity 
increased with time, a minimum silver nitrate impregnation 
time of 30 min gave optimal sensitivity. Reduction of silver by 
formaldehyde was concentration dependent. Originally Merril et 
al. (1981), had used 2g/l of silver. An increase amount of 
formaldehyde beyond 1.5ml/l though increased sensitivity, but 
also increased background staining, while reducing 
development time (Bassam et al., 1991). Dark brown-black 
bands were produced as opposed to the orange light brown 
colours obtained at lower concentrations. Optimal band 
intensity was attained in 5-10 min development time. 
The reaction was performed at lower temperature, 8-12°C in the 
presence of lmg/1 sodium thiosulphate. Thiosulphate dissolves 
insoluble silver salts by complex formation, removing silver ions 
from the gel surface which in turn decreases non specific 
staining background (Caetano Anolles et al, 1991). Image 
development in the presence of different thiosulphate 
concentrations was investigated. The general effect was a 
reduction of background staining with no apparent change in 
development time. A concentration of 1.5mg/l sodium 
thiosulphate was sufficient to reduce nonspecific background 
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staining without noticeably affecting DNA image development. 
Higher concentrations have no noticeable benefit and can 
reduce the sensitivity of DNA detection. The presence of 
thiosulphate eliminated the formation of dark precipitate in the 
gel and developer solution. This optimized staining procedure 
was used for the analysis of complex DNA banding patterns. 
RAPD products resolved on polyacrylamide gel after silver 
staining : The complex DNA banding patterns resulting from 
the amplification of genomic DNA by single short primer of 
arbitrary sequence consisted of a range of bands, which varied 
widely in intensity when visualized using conventional ethidium 
bromide staining of agarose gels. The more sensitive method of 
silver staining of polyacrylamide gel was therefore used for a 
more efficient detection of polymorphic bands. In the present 
study, a total of 91 scorable RAPD markers varying in size 
between 120bp-3200bp were generated with seven primers. The 
primers used for silver staining studies were OP-T06, OP-F02, 
OP-F03, OP-F04, 0P-U18, 0P-U19 and OP-U20. The profile of 
amplification products from different neem provenances 
resolved by electrophoresis in 8% polyacrylamide gel are shown 
in Fig 6.4 and 6.5. The improved silver staining method revealed 
more bands in the RAPD profiles relative to that after ethidium 
bromide staining. 
6.4 DISCUSSION 
6.4.1 Optimization of silver staining technique 
Silver staining procedure provides sensitive and reproducible 
results. The method used for staining has been optimized for 
polyacrylamide gel. Originally, silver staining was used 
effectively in the detection of small amounts of nucleic acids. 
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Fig.6.5 RAPD profiles of neem DNAs with 4 primers, 
namely, (a) OP-F04, (b) OP-U20, (c) OP-F02 and (d) 
OP-F03. The amplification products from DNAs of 9 
different neem provenances were resolved on 8% 
polyacrylamide gels and revealed after silver 
staining. The lanes 1-9 contain DNA from 
provenances Lucknow, Kanpur 27, Pakistani, 
Pakistan2, Poi Tao, Uthai Thani, Ban Noug Hai, 
Khao Luang and Ban Huey Sai respectively. DNA 
molecular weight marker (X DNA double digest with 
EcoRI and Hindlll) is indicated as lane M. 
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Figure 6,5 
However, more demanding application, such as analysis of 
complex DNA profiles generated in DNA amplification 
fingerprinting was reported by Caetano-Anolles et al. (1991, 
1992 and 1993). 
The procedure used for silver staining gave minimum 
background, had fewer steps, took less time and produced the 
least number of staining artifacts. Several staining parameters 
alter the effectiveness of silver staining. These are discussed 
below. 
Nucleic acid fixation : Fixation step prevents the diffusion of 
separated nucleic acid molecules within the gel matrix and 
helps to remove and neutralize unwanted chemicals like silver 
and buffer. Fixation was found to be very important for 
sensitivity. Omitting or limiting fixation to very short exposures 
resulted in poor image development. In turn, longer exposures 
resulted in band fading (Result not shown). A minimum of 5 
minute immersion in 7.5% acetic acid maintained the limit of 
detection of DNA fragments of various sizes. 
Gel Washing : This step removes the acid, trace substances and 
remnants of soluble gel components that may have been carried 
* over from the fixation step, and that can interfere with staining. 
A minimum of 3 washes of 2 min each in deionized water were 
found to be adequate. 
Silver impregnation : The presence of formaldehyde in the 
silver solution improves sensitivity and contrast. Formaldehyde 
reduces silver at a very low rate but enough to produce initial 
nucleation sites around the staining substrate. These sites favor 
the rapid build up of silver deposits during the development 
step. Optimal staining was achieved after 30 minutes. 
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Post impregnation Wash : The remnant silver nitrate which 
can cause brown precipitates was removed at this step. A longer 
rinse greater than 10 seconds resulted in fading band pattern. 
Image development : The development requires an abrupt 
change in pH which inevitably causes the formation of insoluble 
silver salts. These precipitates attach to the gel surface and 
decrease image contrast by increasing background staining. 
Decreasing the concentration of silver on the surface of the gel 
by prior washing avoids silver precipitation and also decreases 
sensitivity (Wray et at, 1981). This was optimized at a 
concentration of 1.5 gm/1 silver nitrate and 5 second wash after 
impregnation. However, silver ion complex reacts, with sodium-
thiosulfate, decreases the free silver ion concentration, reduces 
the kinetics of reduction, and thus increases the redox potential 
in the surrounding matrix and minimize background staining. A 
concentration of 200}xg/l sodium thiosulphate effectively 
reduced nonspecific background staining. This concentration of 
sodium thiosulphate produced noticeable improvement in image 
development. Formaldehyde concentration of 0.054% (v/v) 
provided on optimal stain. Lower concentrations have the 
general effect of reducing sensitivity. In contrast, higher 
formaldehyde concentrations increase sensitivity but also 
background staining. Higher concentration also considerably 
reduced the development time, producing dark brown bands; 
while lower formaldehyde concentration below 0.056% (v/v) 
produced light brown colour bands. The temperature of 
development solution is crucial. Typically, it was kept between 
8-10°C. If temperature was above 10°C, the image developed 
quickly and browning of the gel surface was the usual effect. 
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6.4.2 RAPD analysis 
Many genetic properties are still unknown in a majority of tree 
species and it is, therefore, important that the gene pool be 
preserved and the level of intra-population diversity and inter-
population differentiation evaluated. The estimation of genetic 
features in populations and at the individual level has been 
strongly influenced by polymerase chain reaction (PCR). Genetic 
variation for identification of cultivars and validation of genetic 
relationship between and within tree species have been made 
using RAPD markers, as in case of Mangifera indica, 
mahoganies, Rubus, Malus, Eucalyptus, Picea abies and 
Theobroma cacco, (Dunemann et at, 1994; Chalmers et al, 
1994; Graham and McNicol, 1995; Schnell et at, 1995; 
Scheepers et al, 1997; Whitkus et al, 1998). 
Neem tree is believed to be monotypic in India, since only one 
species is recognized, Azadirachta indica. However, Thailand 
neem is reported as a different species, Azadirachta siamensis. 
RAPD-PCR based technique was applied to a small subset, 
consisting of provenances of different geographical regions. In 
this study comparisons could be made both between and within 
genotype subsets. 
The total number of markers and proportions of unique and 
invariable markers are valuable parameters in determining 
intra-specific variability and genetic relationship. It appears that 
a sufficient number of markers can be generated using a few 
selected primers, to enable comparison within a small sample 
size. Same set of primer was used for silver staining of RAPD 
products. When RAPD products were separated on the 
polyacrylamide gel additional bands which could not be resolved 
on agarose gel could be distinguished. Table 6.3 summarizes 
155 
the results obtained with the two electrophoresis and staining 
methods. 
Table 6.3: RAPD results obtained with the two electrophoresis 
and staining methodologies: 
Parameter 
Total n u m b e r of pr imers 
u s e d 
Total n u m b e r of b a n d s 
detected 
Average n u m b e r of 
loci /pr imer 
Range in genetic 
similarity 
Agarose gel + 
Ethidium bromide 
staining 
14 
108 
7.7 
0.2-0.75 
Polyacrylamide 
gel + Silver 
staining 
7 
91 
13 
0.2-0.8 
It was assumed that the amplification products of differing 
electrophoretic mobilities were non-allelic and products with 
same mobilities to be allelic. This has been previously 
demonstrated for different species of Glycine and Allium (Wilkie 
et al, 1993., Williams et al, 1993). Indirect but very significant, 
supporting evidence of allelism is derived from the conformity of 
taxonomic classifications based on RAPD data which may be 
widely accepted and based on more conventional approaches 
involving morphology, cytology and enzyme electrophoresis. 
Cluster analysis method (UPGMA) was used to generate a 
dendrogram. The analysis was carried out using Nei and Lei 
(1979) index. The genetic similarity among the genotypes 
studied was relatively high (0.8) suggesting narrow genetic base. 
The dendrogram obtained in case of silver stained profiles 
readily separated the 14 provenances into two major groups (X 
and Y), which being further divided into two minor sub-groups 
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XI and X2; Yl and Y2 respectively (Figure 6.6, with shaded 
box). XI group formed cluster of genotypes belonging to one 
provenance Lucknow, which was closely related to another sub-
cluster X2 consisting of accessions from another provenance 
Kanpur of close geographic location. Another major group 
formed sub-clusters, Yl of genotypes belonging to Pakistan 
provenance and Y2 belonging to genotypes of Thailand 
provenance. The Thailand samples belong to another species A. 
siamensis, but shows close similarity with A. indica (Pakistan 
provenance). The data grouped the samples according to their 
geographical origin. Matching the clustering results of these 
samples with their collection sites, it was clear that geographical 
distributions of most samples in each of these groups were well 
defined. Such type of results have been reported by Liu (1997), 
where genetic variation in geographical distribution of 
Stylosanthes scabra has been revealed by RAPD analysis. 
Provenance relationships in Norway spruce using RAPD pattern 
has been reported by Scheepers et al. (1997), where 42 RAPD 
bands, separated the nine provenances into two major groups. 
RAPD markers have been used for differentiation and estimation 
of genetic diversity among different populations of T. dicoccoides 
originating primarily from Northern Israel (Fahima et al, 1999). 
These result shows that RAPD technique is a useful and 
powerful tool for population analysis. 
The grouping pattern was identical among genotypes for data 
sets as reported in Chapter 4. Although, specific values of these 
parameters varied with number of sample size. With this 
technique sufficient numiber of markers can be generated by 
using selected primers and applying silver staining technique. 
Similar type of study has been done in case of Cranberry 
cultivars where genetic heterogeneity has been studied using 
silver stain RAPD (Novy and Vorsa, 1995). This enabled 
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comparison with small sample size. This implies tha t the RAPD 
method can be used to discriminate among species even when 
few pimers are used in combinat ion with polyaciylamide gel and 
silver staining technique. When the similar set of s tudy was 
made by resolving the RAPD products on agarose gel and 
stained with e thidium bromide, a loose clustering was obtained 
a s shown in the dendrogram (Fig. 6.6, shown with an open box). 
The subgroups were not so well defined according to their 
geographic origin. Agarose gel resolution is not so sensitive and 
gives few markers . Hence, more n u m b e r of genotypes and 
primer combinat ions need to be s tudied for analysing 
relat ionship in case of e thidium bromide stained agarose gel. 
This method appears to be an effective approach in resolving 
genetic variat ions, fingerprinting species and grouping 
germplasm into geographical races . This is in cont ras t with 
morphological and other molecular me thods tha t do not show 
this depth of resolution. 
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This thesis embodies results 
of the studies on analysis of 
the genome of neem, 
(Azadirachta indicd), an 
important tree frornjndia. 
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GENERAL DISCUSSION 
7.1 INTRODUCTION 
The assessment of genetic diversity in plants is an urgent need 
in the present times, considering the alarming rate at which 
genetic resources are being eroded. In case of forest trees in 
particular, this situation can assume grave proportions. Though 
the trees are long-lived, the human activities are, however, 
depleting the forest resources at a rate greater than that of the 
regeneration of the forest. Thus even in the case of trees, genetic 
erosion is taking place at a high rate. Furthermore, barring the 
uses of trees for timber, fuel wood and as sources of few 
metabolites, not much is known about useful genetic variation 
in case of trees. In fact the very long generation time in case of 
trees has precluded their genetic analysis. 
Neem is one such tree, known since ancient times in India, and 
now the world over. It is a tree providing many benefits to 
mankind. The most important amongst these, are the more than 
250 different organic compounds produced by neem that have 
proven to be invaluable as insecticides, insect-repellents, anti-
feedents and several such sources. Azadirachtin is perhaps the 
most invaluable product of neem and it is this compound which 
today determines the tremendous importance of neem. 
Neem is the subject of several patents and an overwhelming 
majority of these are for the chemical formulations derived from 
neem products. Despite the great importance of neem, very little 
is known about the genetic variability in neem. Similarly, data 
about variation among neem provenances and accessions with 
respect to the Azadirachtin contents in the kernels are also 
sporadic. Thus, on one hand we have the high usefulness of 
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neem, both in traditional household practices as well as in 
commercial and industrial applications. On the other hand, we 
find that genetic studies in neem are not that exhaustive as one 
would expect for such an important tree. While some reports are 
available about morphological, phenological and phyto-chemical 
variation in neem (Gogate and Gujar, 1993; Schmutterer, 1995), 
the biochemistry of neem metabolites are not at all well studied 
and as for the molecular data in case of neem, these are 
virtually non-existent. 
It is in this back-drop that the present work of molecular 
characterization of the neem genome was initiated. The overall 
objectives of the present study were, (i) characterization of neem 
DNA and (ii) determination of the nature and extent of DNA 
variability amongst neem provenances. 
Neem has a wide distribution range in India and South Asian 
regions. In India alone an estimated 14 million trees exist 
(Randhawa and Parmar, 1993). However, no studies on genetic 
variatioji amongst provenances have been carried out even in its 
native Indo-South eastern Asian region where neem has so far 
been introduced without any consideration to seed origins. 
Genetic variability has been detected and analyzed with the help 
of RAPD profiles in case of several trees, (Dawson et al, 1995, 
Scheepers et al, 1997; Degani et al, 1998). These studies have 
been made in case of trees that range from obligately cross-
pollinated to trees that are either facultative or predominantly 
self-pollinated. Similarly genetic variations have been detected, 
both within and among natural populations (Lakshmi et al, 
1997, Lerceteau et al, 1997, Bucci et al, 1997, Federci et al, 
1998, Gallois et al, 1998, Nebauer et al, 1999). 
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7.2 CONCLUSIONS FROM THE PRESENT STUDY 
The plant material selected for the present study includes two 
sets or "populations" of neem provenances, was the "Lucknow" 
population and the was "Jodhpur" population. In both cases, 
the population consisted of several provenances from different 
parts of India. Additionally, the Jodhpur population included 8 
foreign provenances (5 from Thailand, 2 from Pakistan and 1 
from Nepal). These were separately analyzed in the present 
study so as to able to compare the trends and extent in genetic 
variation between the different neem provenances in the two 
populations. Furthermore, technical limitations of experiments 
also precluded analysis of all neem provenances as a single 
population. 
The RAPD markers are a powerful tool, for fingerprinting 
anonymous genomes. However, the reproducibility of RAPD 
profiles has been a major concern. Many reaction conditions of 
the PCR influence the result. Since this study is PCR-based and 
the first on neem genome, it was essential to carefully optimize 
the various reactions and their components before starting full-
scale analysis. Four different DNA isolation protocols have been 
tried in case of neem. In our hands the extraction buffer method 
resulted in a good yield of DNA that gave reproducible 
amplification profiles. Using this method, genomic DNA was 
isolated from the 80 provenances of neem. Thereafter, the 
RAPD-PCR conditions were carefully optimized. Under our 
experimental conditions, the RAPD-PCR were carried out using 
2.5mM Mg2+, lOpmoles RAPD primer, 50ng template DNA, 
0.2mM each dNTP and 0.5U of Taq DNA polymerase (Genei, 
Bangalore). These conditions were subsequently used for all the 
RAPD reactions. 
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The RAPD data obtained for the "Lucknow" population led to a 
major conclusion that provenances separated by hundreds or 
thousands of kilometers distance were more similar to each 
other than expected. This result was surprising, considering the 
reportedly cross-pollinated nature of neem. The similarity data 
were tested for random chance similarity and indicated that the 
observed similarities amongst the provenance were very little 
due to chance. The RAPD results in case of "Jodhpur" 
population also revealed a similar trend of similarities (greater 
than expected) amongst the provenances. 
The study of two independent populations has thus revealed a 
similar trend of genetic similarity amongst the neem 
provenances. The "Jodhpur" population included 8 exotic neem 
provenances. Of these, 5 were from Thailand. Taxonomists have 
considered Thailand neem provenances to be a different species, 
namely, A. siamensis. However, RAPD data from 70 primers 
including more than 900 bands failed to out-group the exotic 
neem provenances by UPGMA methods. Thus if the taxonomic 
status of Thailand neem provenances is indeed correct, it was 
logical for us to expect that the RAPD data for the 46 
provenences included in the Jodhpur population to resolve into 
at least 2 major clusters, one including the 5 Thailand 
provenances and the other including the remaining 41 
provenances. This did not happen even after considering 
voluminous data indicates that either (i) the taxonomic 
distinction of Thailand neem as a separate species needs to be 
re-evaluated or (ii) the present data is statistically insignificant 
and therefore cannot reflect true species level distinction. If one 
considers that there are millions of neem trees, then the later 
possibility may hold true. However, we would like to emphasize 
here that the lack of well defined provenances and seed origins 
at the time of neem introduction may have actually inflated the 
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possible number of "provenances" amongst these millions of 
trees. 
The predominant applications of RAPD uses a simple agarose 
gel electrophoresis of PCR products followed by staining with 
ethidium bromide fluorochrome to reveal typical profiles of 
bands. This technique is well suited for detection and analysis 
of the most prominent bands in the profiles and is more than 
adequate for most cases of inter-species or intra-species 
comparisons. The potential of RAPD has been increased by 
resolving profiles in polyacrylamide gels and revealing them by 
silver staining. Under these conditions the resolution power 
increased by 2-5 folds in comparison to EtBr stained agarose 
gels. Since the agarose-gel RAPD patterns have revealed greater 
than expected similarity amongst neem provenances, we 
decided to re-examine these by using the PAGE-silver staining 
approach with the expection that the higher resolution power 
may reveal different inter-provenance relationship. However, 
even with this high-resolution approach the inter-provenance 
similarities were higher than expected, thereby re-affirming our 
conclusions of a narrow genetic base for neem. 
Since the random primers consistently indicated only a narrow 
genetic base, for neem, we decided to analyze hypervariable 
satellite DNA regions as an indicator of genetic variation. Mini-
and micro-satellites are an integral part of the genome and are 
ubiquitous in occurrence in the eukaryotes. These can be 
divided into several groups, each group having a common core' 
sequence. These sequences besides revealing genome and/or 
individual-specific profiles have also proven to be invaluable in 
population analysis including phylogenetics. However, since no 
m.olecular genomic data were available in case of neem, we 
could not use the cognate mini- and micro-satellites. Therefore, 
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in the present studies, we have used 14 synthetic tandem 
repeat oligomers as primers for micro-satellite analysis and 3 
conserved eukaryotic mini-satellite core elements as 
heterologous primers for the mini-satellite analysis for the 
determination of genetic variability amongst neem provenances. 
The results of mini- and micro-satellite primers used for genetic 
analysis, have actually revealed greater genetic similarity 
amongst the neem provenances. Thus genomic differences 
across neem provenances, may not be concertedly due to mini-
and micro-satellites. Of the two 
The present study thus represents the first ever attempt 
towards understanding genetic variation in neem. Of course, as 
already indicated, the data generated from this study (nearly 80 
provenances) may not be a true indicator of actual genetic 
variation across the millions of neem trees. Nevertheless, the 
study has resulted in a major conclusion that in general neem 
provenances selected for the present study may have a narrow 
genetic base. The study has also estimated that this narrow 
genetic base may not be entirely due to random chance. 
Considering that neem has always been reported to be highly 
cross-pollinated, it appears rather surprising to have an 
estimate of low genetic variation. There could be several reasons 
for this. Primarily, as has been stated, sample size may not 
necessarily reflect a true picture of genetic variability in all 
neem provenances. Further, a re-examination of the pollination 
and reproductive biology of neem is also warranted. It now 
becomes necessary to distinguish between self-pollinated, cross-
pollinated and apomictic neem seeds to arrive at a more 
comprehensive estimate of genetic variation in neem. 
The other important feature of the present study has been the 
data obtained in case of five Thailand provenances of neem. 
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Taxonomists have considered Thailand neem to be a different 
species viz. Azadirachta siamensis as compared to the Indian 
neem, viz. Azadirachta indica. It was therefore, expected that in 
the present study, for each and every parameter, these 
provenances should be easily distinguished from the Indian 
neem. Several primers did reveal a few difference in patterns 
relative to the Indian neem, however, cumulatively, these 
differences were not adequate to separate the Thai neem from 
all the Indian, Pakistan and Nepal neem in the UPGMA clusters. 
Here again, the small numbers of samples and primers may 
have led to this situation. Clearly, there is an ample scope and 
justification for re-discovering this important and highly useful 
tree. 
7.3 FUTURE PROSPECTS 
Nucleic Acid amplification has proven to be incredibly versatile 
with the development of alternative PCR-based techniques. 
Random primers as well as simple sequence repeats have been 
used as primers, which are ubiquitously present in eukaryotic 
genome. As is evident from the literature survey, PCR is 
becoming the method of choice in all kinds of genetic analyses 
in last few years. J'he applications are diverse and extensive 
because, unlike other DNA-based markers, these markers have 
certain advantages: 
1. they do not require development of probe banks or gel 
hybridization. 
2. their fast and simple generation, makes them the choice over 
other traditional DNA-based method 
3. these PCR-based markers constitute an important tool for 
analysis of anonymous genomes. 
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These markers are especially useful in case of tree species 
where long generation times make genetic studies a slow 
process. Since these type of markers require no prior 
information of the genome sequence, it is possible to study trait 
variation in existing populations. The amplification reactions are 
sensitive to even a single base change in the primer target sites, 
suggesting its usefulness in analysis among closely related 
individuals. 
Further sequencing of these markers (Sequence-Characterized 
Amplified Region-SCAR) will help in characterizing the genome, 
making this technique more versatile and reliable. This type of 
study has been made in case of other trees like Malus (Yang and 
Kruger, 1994; Cheng et at, 1996), Picea abies (Lehner et al, 
1994), Peach (Warburton et al, 1996) and can be extended in 
case of neem tree, where polymorphic markers can be 
sequenced and characterized, for specific traits. 
Considering the enormously large number of neem trees, it 
would also be interesting to re-examine genetic relationships 
amongst these, using high throughput procedures including 
automated/robotic system based PCRs, DNA chip technologies 
and Mass spectrometry (Kwok, 1998). On a more practical level, 
it would perhaps be more prudent and essential too, to identify 
phytochemical "elites" of neem and to clonally propagate these 
using in vitro culture techniques. Any or all of the approaches 
used in the present study could then be employed to assess 
fidelity of the clones of the "elites". The present study has also to 
be considered from the fact that it is perhaps the first ever study 
of neem using molecular techniques. Identification and 
characterization of genes, especially, those encoding the 
biosynthesis of the important phytochemicals will also be 
among the next few targets to be achieved. Clearly, there is an 
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ample scope and justification for re-discovering this important 
and highly useful tree. 
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SUMMARY 
Neem (Azadirachta indica A.Juss) is one of the most important 
trees for mankind, being endowed with the ability to produce an 
enormous number of chemical compounds. Virtually all of these 
compounds find some use or the other for mankind. It is on 
account of these characteristics that neem has been variously 
described as 'village dispensary'. The tree is native to India and 
South-East Asian countries. Though neem has been well 
studied from the phyto-chemical point of view, not much is 
known about its genetic diversity. This along with the fact that 
the neem trees have long generation times (as is true for several 
other trees) have precluded the genetic improvement and 
breeding of 'superior' neem trees on a large scale. In general 
'trees' are considered to be a difficult subject for genetic 
improvement for these very reasons. 
It is in this backdrop that the present work on the "Molecular 
Analysis of Genome of Neem (Azadirachta indica]" was 
initiated. This study was made with the following specific 
objectives: 
1. Optimization of DNA-isolation and RAPD-PCR coditions. 
2. Determination and analysis of genetic diversity in neem 
using RAPD technique. 
3. PCR based fingerprinting using minisatellite and 
microsatellite sequences as primers. 
4. Inter- as well as intra-geographical group relationships 
among neem provenances. 
The entire study was primarily based on the use of PCR-based 
techniques for determining genetic affinities between the 
different provenance of neem. The salient results are 
summarized in the following paragraphs. 
Determination of the optimum conditions for isolation of 
DNA and RAPD-PCR 
The RAPD markers are a powerful tool, for fingerprinting 
anonymous genomes. However, the reproducibility of RAPD 
profiles has been a major concern. Many reaction conditions of 
the PCR influence the result. Since this study is PCR-based and 
the first on neem genome, it was essential to carefully optimize 
the various reactions and their components before starting full-
scale analysis. Four different DNA isolation protocols have been 
tried to determine the optimal protocol. This was necessary 
because the isolated DNA was the essential component of RAPD 
reaction. In order to become an effective tool allowing high 
throughput analysis, methods have been simplified to lower the 
cost while maintaining high efficiency. The extraction buffer 
method, which in our hands resulted in a good yield and 
reproducible amplification profiles was selected for all further 
analysis. 
II 
High reproducibility is an essential requirement for the 
suitability of a DNA-marker system for genetic analysis. Hence 
for PCR-based markers various factors like, DNA template, 
primer, magnesium ion and deoxynucleotide concentration and 
thermostable DNA polymerase sources were carefully optimized. 
Under our experimental conditions, the RAPD-PCR were carried 
out using 2.5mM Mg2+, lOpmoles primer, 50ng template DNA, 
0.2mM each dNTP and 0.5U of Taq DNA polymerase (Genei, 
Bangalore). These conditions were subsequently used for all the 
RAPD reactions. 
Determination and analysis of genetic variation in neem 
Various RAPD-based studies have been made in case of many 
economically important trees. But in case of neem, which is best 
known for its large number of properties, no data on genetic 
analysis was reported when this study was initiated. The wide 
distribution of neem tree is an indicative of existence of 
adequate genetic variability. However, no specific reports were 
available about the actual genetic variation existing in the 
natural population. Hence the task of determining genetic 
variation in neem was taken up. Two populations of genotypes 
maintained at different research centers were used. One 
maintained at Banthra Research Center, NBRI, Lucknow and 
another population was maintained at Arid Forest Research 
Institute, Jodhpur. The purpose of analyzing collections from 
two population sets was to determine whether or not, a similar 
trend of genetic relationship exists between the two population 
maintained separately and further to determine the extent of 
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genetic similarity between the different provenances. These two 
populations included provenance from different parts of India as 
well as 8 provenances from the countries Thailand, Pakistan 
and Nepal. 
Genomic DNA was isolated from all the samples by Extraction 
Buffer method. The DNA yield was in the range of 0.050-0.188 
mg per gram of leaf tissue. In addition, the DNA extracts were 
reasonably free of contaminants, as calculated by 250/280nm 
ratio, which were in the range of 1.60-1.80. 
RAPD profile diversity amongst provenances in the 
"Lucknow" population 
The 34 neem provenances included 11 from Lucknow region 
and the rest from elsewhere in the country. A total of 200 
arbitrary sequence decamer primers were screened, out of 
which, 49 primers resulted in consistent profiles. The RAPD 
data obtained in case of these 49 primers were considered 
cumulatively for analysis of the relationship amongst the 
different provenances. UPGMA dendrogram was generated using 
Jaccard's coefficient. The Lucknow samples seem to be grouped 
into 2 major sub-clusters, while in case of non-Lucknow 
samples, no major clustering trend was apparent except for 
small groups of provenances from Kanpur, Gorakhpur and 
Bahraich. The neem provenances from Haldwani (Uttar Pradesh 
state in North India), Jabalpur, Raipur (Madhya Pradesh state 
in Central India), Jodhpur (Rajasthan state in Western India) 
and Ayodhya (West Bengal state in Eastern India) form one sub-
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cluster, while the other sub-cluster consists of provenances 
from Madras (TamilNadu state in South India), Saugar (Madhya 
Pradesh in Central India) and Ranichaura (Uttar Pradesh state 
in Northen India). Thus, provenance from regions separated by 
hundreds of kilometer distances are clustered together, 
indicating a higher genetic similarity amongst these samples. 
This result was surprising, considering the reportedly cross 
pollinated nature of neem. The similarity data were tested for 
random chance similarity and indicated that the similarities 
observed amongst the provenance were very little due to chance. 
On the basis of these results it has been concluded that these 
neem provenances seem to have a narrow genetic base. 
RAPD profile diversity amongst neem provenances in the 
"Jodhpur" population 
This population included 46 neem provenances, of which 38 
belonged to different regions of India and 8 to the neighboring 
countries of Thailand, Pakistan and Nepal. A total of 220 
primers were screened of which 70 primers resulted in 
reproducible profiles. The UPGMA dendrogram was generated in 
the same way as for the earlier population. This dendrogram 
also did not show any distinct trend in clustering of 
provenances. All the provenances from Uttar Pradesh state in 
North India were included as one sub-group. However, the same 
cluster also included sub-groups of provenances from Bihar and 
Madhya Pradesh (in Central India) and Rajasthan (in Western 
India). Amongst the provenances from other countries, those 
from Nepal were closely related to those originating from 
Pakistan. The Thailand provenances, reported to belong to a 
different species, namely, A. siamensis were grouped together, 
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but did not form a separate sub-cluster or cluster. Thus the set 
of clustering data here also indicated a narrow genetic base 
amongst neem provenances. 
The study of two independent populations has thus revealed a 
similar trend of genetic similarity amongst the neem 
provenances. In general, neem provenances seemingly have a 
narrow genetic base and are thus similar to each other to an 
extent greater than that expected because of the reportedly 
highly cross pollinated nature as well as the fact that the 
Thailand provenances have been considered as a distinct 
species. 
The application of micro- and mini-satellite PCR techniques 
for analysis of genetic variation in neem 
Mini- and micro-satellites are an integral part of the genome 
and are ubiquitous in occurrence in the eukaryotes. These 
sequences besides revealing genome and/or individual-specific 
profiles have also proven to be invaluable in population analysis 
including phylogenetics. In view of their utility and resolution 
power, we decided to use these type of sequences also, in 
determining and analyzing genetic variation amongst neem 
provenances. However, since no molecular genomic data were 
available in case of neem, we could not use the cognate mini-
and micro-satellites. Therefore, in the present studies, we have 
used a set of such sequences (14 synthetic tandem repeat 
oligomers as primers for micro-satellite analysis and 3 
conserved eukaryotic mini-satellite core elements as 
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heterologous primers for the mini-satellite analysis) for the 
determination of genetic variability amongst neem provenances. 
In the absence of any molecular or genomic data in case of 
neem., the micro-satellite primer PCR conditions has to be 
empirically optimized especially with reference to annealing 
temperatures. The 14 primers used included di-, tri- and tetra-
nucleotide repeats and 3 different annealing temperatures were 
tried in the range 2°C to 10°C less than their denaturation 
temperatures. On the basis of such trails, the reaction 
conditions for use of these primers were determined. In each 
case, the primers were used singly for amplification reactions. 
Such reaction result in amplification of the DNA sequences 
between the two adjacent regions of Simple Sequence Repeats 
(SSRs). This type of PCR has been best described as Inter-SSR 
PCR (ISSR-PCR) or even as Microsatellite Primed PCR (MP-PCR). 
Of the 14 primers tested, 50% produced profiles. Most of the 
tetra-nucleotide and di-nucleotide primers did not result in any 
amplification or resulted in a smear. The tri-nucleotide repeat 
primers (GAAje, (GAA)6G and (CACjs were most effective and 
resulted in reproducible amplification profiles. The products 
were in the range of 220-5200bp. The profiles showed no 
obvious polymorphism amongst the provenances. This was 
surprising since these results indicated that the ISSR regions in 
case of neem were also apparently conserved, at least in length 
if not entirely in sequence. To ascertain this, the genomic DNA 
was pre-digested with selected restriction endonuclease and 
then used as a template for PCR with (GAAje, (GAAjeG and 
(CAC)5 as primer. The resultant products were in low molecular 
weight range, 180-2200bp. However, the polymorphism was still 
not distinct enough to enable the identification of any individual 
or provenance specific profile in neem. 
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Minisatellite core sequences were used as primer for direct 
amplification of region rich in minisatellite. Such a PCR is best 
described as Direct Amplification Minisatellite DNA-PCR 
(DAMD-PCR). In this type of PCR the single primer amplifies the 
region between two adjacent but inverted (relative to each other) 
mini-satellite families. Highly polymorphic banding pattern was 
observed when 33.6 minisatellite core primer sequence was 
used. The profiles revealed variation between provenances. 
However, no individual-specific fingerprinting profile was 
obtained and instead, few groups of similar profiles were 
obtained. The other two minisatellite primers HVR (-) and HBV5 
did not reveal any distinct profiles, suggesting thereby that 
either mini-satellite families homologous to these 2 primers 
were not present in the neem genome or that there were fewer 
inversion sites. The results of mini- and micro-satellite primers 
used for genetic analysis, have actually revealed greater genetic 
similarity amongst neem provenances. Thus genomic differences 
across neem provenances, may not be concertedly due to mini-
and micro-satellites. 
High resolution analysis of RAPD profile variation among 
neem provenances 
The predominant applications of RAPD uses a simple agarose 
gel electrophoresis of PCR products followed by staining with 
ethidium bromide fluorochrome to reveal typical profiles of 
bands. This technique is well studied for detection and analysis 
of the most prominent bands in the profiles and is more than 
adequate for most cases of inter-species or intra-species 
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comparisons. However, many workers have sought to increase 
these on polyacrylamide gels and revealing the profiles by silver 
staining. The reported increase in resolution power ranges from 
2-5 fold greater resolution. In the present studies, since the 
regular RAPD analysis of neem provenances have led to a 
conclusion that there is a greater-than-expected similarity 
amongst the provenances, we thought of ascertaining this using 
the high-resolution RAPD analysis too. For this purpose, a small 
sub-set of genotypes, representing individuals of same as well 
as different geographical area, were selected for the study. The 
potential of RAPD was increased by silver staining of 
polyacrylamide gel. The resolution power of PAGE in 
conjunction with silver stain increased the sensitivity of 
detection by 2-5 folds in comparison to Ethidium bromide 
stained agarose gel. The dendrogram obtained in case of silver 
stained PAGE readily separated the genotypes into 2 major 
groups, which were further divided into two minor sub-groups. 
The data grouped the genotypes according to their geographical 
origins which were well defined. Whereas, the Ethidium bromide 
stained agarose method generated a dendrogram which showed 
loose clustering and the sub-groups were not so well defined 
according to their geographic origin. However, even with this 
high-resolution approach the inter-provenance similarities were 
higher than expected, thereby re-affirming our conclusions of a 
narrow genetic base for neem. 
Highlights of the thesis 
The present study is perhaps the first ever study of genetic 
variation in neem provenances. Despite its great value as a 
source of hundreds of chemical compounds, neem has not been 
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analyzed for genetic variation. Consequently, neem improvement 
programs have seemingly been confined to empirical selections 
of neem, and even in this case, there are not many concerted 
efforts. Thus when the census of neem trees is taken in India, it 
will be apparent that most trees are a result of tree-plantation 
drives performed without any regard to seed origin or 
provenance selections. The present study thus represents the 
first ever attempt towards understanding genetic variation in 
neem. Of course, the data generated from this study (nearly 80 
provenances) may not be a true indicator of actual genetic 
variation across the millions of neem trees. Nevertheless, the 
study has resulted in a single major conclusion that in general 
neem provenances selected for the present study may have a 
narrow genetic base. The study has also estimated that this 
narrow genetic base may not be entirely due to random chance. 
Considering that neem has always been reported to be highly 
cross-pollinated, it appears rather surprising to have an 
estimate of low genetic variation. There could be several reasons 
for this. Primarily, as has been stated, sample size may not 
necessarily reflect a true picture of genetic variability in all 
neem provenances. Further, a re-examination of the pollination 
and reproductive biology of neem is also warranted. It now 
becomes necessary to distinguish between self-pollinated, cross-
pollinated and apomictic neem seeds to arrive at a more 
comprehensive estimate of genetic variation in neem. 
The other important feature of the present study has been the 
data obtained in case of five Thailand neem provenances. 
Taxonomists have considered Thai neem to be a different 
species viz. Azadirachta siamensis as compared to the Indian 
neem, viz. Azadirachta indica. It was therefore, expected that in 
the present study, for each and every parameter, the Thai neem 
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provenances should be easily distinguished from the Indian 
neem. Several primers do not reveal an overall difference in 
patterns relative to the Indian neem, however, cumulatively, 
these differences were not adequate to separate the Thai neem 
from all the Indian, Pakistan and Nepal neem in the UPGMA 
clusters. Here again, the small numbers of samples and primers 
may have led to this situation. Clearly, there is an ample scope 
and justification for re-discovering this important and highly 
useful tree. 
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ANNEXURE1 
KIT A 
code 
OPA-Ol 
OPA-02 
OPA-03 
OPA-04 
OPA-05 
OPA-06 
. OPA-07 
OPA-08 
OPA-09 
OPA-10 
OPA-11 
OPA-12 
OPA-13 
OPA-14 
OPA-15 
OPA-16 
OPA-17 
OPA-18 
OPA-19 
OPA-20 
5' to 3' 
CAGGCCCTTC 
TGCCGAGCTG 
AGTCAGCCAC 
AATCGGGCTG 
AGGGGTCTTG 
GGTCCCTGAC 
GAAACGGGTG 
GTGACGTAGG 
GGGTAACGCC 
GTGATCGCAG 
CAATCGCCGT 
TCGGCGATAG 
CAGCACCCAC 
TCTGTGCTGG 
TTCCGAACCC 
AGCCAGCGAA 
GACCGCTTGT 
AGGTGACCGT 
CAAACGTCGG 
GTTGCGATCC 
KIT B 
code 
OPB-01 
OPB-02 
OPB-03 
OPB-04 
OPB-05 
OPB-06 
OPB-07 
OPB-08 
OPB-09 
OPB-10 
OPB-11 
OPB-12 
OPB-13 
OPB-14 
OPB-15 
OPB-16 
OPB-17 
OPB-18 
OPB-19 
OPB-20 
5' to 3' 
GTTTCGCTCC 
TGATCCCTGG 
CATCCCCCTG 
GGACTGGAGT 
TGCGCCCTTC 
TGCTCTGCCC 
GGTGACGCAG 
GTCCACACGG 
TGGGGGACTC 
CTGCTGGGAC 
GTAGACCCGT 
CCTTGACGCA 
TTCCCCCGCT 
TCCGCTCTGG 
GGAGGGTGTT 
TTTGCCCGGA 
AGGGAACGAG 
CCACAGCAGT 
ACCCCCGAAG 
GGACCCTTAC 
KiT C 
code 
OPC-01 
OPC-02 
OPC-03 
OPC-04 
OPC-05 
OPC-06 
OPC-07 
OPC-08 
OPC-09 
OPC-10 
OPC-11 
OPC-12 
OPC-13 
OPC-14 
0PC-T5 
OPC-16 
OPC-17 
OPC-18 
OPC-19 
OPC-20 
KIT D 
5' to 3' 
TTCGAGCCAG 
GTGAGGCGTC 
GGGGGTCTTT 
CCGCATCTAC 
GATGACCGCC 
GAACGGACTC 
GTCCCGACGA 
TGGACCGGTG 
CTCACCGTCC 
TGTCTGGGTG 
AAAGCTGCGG 
TGTCATCCCC 
AAGCCTCGTC 
TGCGTGCTTG 
GACGGATCAG 
CACACTCCAG 
TTCCCCCCAG 
TGAGTGGGTG 
GTTGCCAGCC 
ACTTCGCCAC 
code 
OPD-Ol 
OPD-02 
OPD-03 
OPD-04 
OPD-05 
OPD-06 
OPD-07 
OPD-08 
OPD-09 
OPD-10 
OPD-11 
OPD-12 
OPD-13 
OPD-14 
OPD-15 
OPD-16 
OPD-17 
OPD-18 
OPD-19 
OPD-20 
5' to 3' 
ACCGCGAAGG 
GGACCCAACC 
GTCGCCGTCA 
TCTGGTGAGG 
TGAGCGGACA 
ACCTGAACGG 
TTGGCACGGG 
GTGTGCCCCA 
CTCTGGAGAC 
GGTCTACACC 
AGCGCCATTG 
CACCGTATCC 
GGGGTGACGA 
CTTCCCCAAG 
CATCCGTGCT 
AGGGCGTAAG 
TTTCCCACGG 
GAGAGCCAAC 
CTGGGGACTT 
ACCCGGTCAC 
• < i . . ' ^ 
KIT E 
code 
OPE-01 
OPE-02 
OPE-03 
OPE-04 
OPE-05 
OPE-06 
OPE-07 
OPE-08 
OPE-09 
OPE-10 
OPE-11 
OPE-12 
OPE-1 3 
OPE-14 
OPE-1 5 
OPE-1 6 
OPE-1 7 
OPE-1 8 
OPE-1 9 
OPE-20 
5' to 3' 
CCCAAGGTCC 
GGTGCGGGAA 
CCAGATGCAC 
GTGACATGCC 
TCAGGGAGGT 
AAGACCCCTC 
AGATGCAGCC 
TCACCACGGT 
CTTCAC.CCGA 
CACCAGGTGA 
GAGTCTCAGG 
TTATCGCCCC 
CCCGATTCGG 
TGCGGCTGAG 
ACGCACAACC 
GGTGACTGTG 
CTACTGCCGT 
GGACTGCAGA 
ACGGCGTATG 
AACGGTGACC 
KIT F 
code 
OPF-01 
OPF-02 
OPF-03 
OPF-04 
OPF-05 
OPF-06 
OPF-07 
OPF-08 
OPF-09 
OPF-10 
OPF-11 
OPF-12 
OPF-13 
OPF-14 
OPF-15 
OPF-16 
OPF-17 
OPF-18 
OPF-19 
OPF-20 
5' to 3' 
ACGGATCCTG 
GAGGATCCCT 
CCTGATCACC 
GGTGATCAGG 
CCGAATTCCC 
GGGAATTCGG 
CCGATATCCC 
GGGATATCGG 
CCAAGCTTCC 
GGAAGCTTGG 
TTGGTACCCC 
ACGGTACCAG 
GGCTGCAGAA 
TGCTGCAGGT 
CCAGTACTCC 
GGAGTACTGG 
AACCCGGGAA 
TTCCCGGGTT 
CCTCTAGACC 
GGTCTAGAGG 
KIT H 
code 
OPH-01 
OPH-02 
OPH-03 
OPH-04 
OPH-05 
OPH-06 
OPH-07 
OPH-08 
OPH-09 
OPH-10 
OPH-n 
OPH-12 
OPH-13 
OPH-14 
OPH-15 
OPH-16 
OPH-17 
OPH-18 
•OPH-19 
OPH-20 
5' to 3' 
GGTCGGAGAA 
TCGGACGTGA 
AGACGTCCAC 
GGAAGTCGCC 
AGTCGTCCCC 
ACGCATCGCA 
CTGCATCGTG 
GAAACACCCC 
TGTAGCTGGG 
CCTACGTCAG 
CTTCCGCAGT 
ACGCGCATGT 
GACGCCACAC 
ACCAGGTTGG 
AATGGCGCAG 
TCTCAGCTGG 
CACTCTCCTC 
GAATCGGCCA 
CTGACCAGCC 
GGGAGACATC 
KIT T 
code 
OPT-01 
OPT-02 
OPT-03 
OPT-04 
OPT-05 
OPT-06 
OPT-07 
OPT-08 
OPT-09 
OPT-10 
OPT-11 
GPT-12 
OPT-1 3 
OPT-14 
OPT-1 5 
OPT-1 6 
OPT-1 7 
OPT-1 8 
OPT-19 
OPT-20 
5' to 3' 
GGGCCACTCA 
GGAGAGACTC 
TCCACTCCTG 
CACAGAGoGA 
GGGTTTGGCA 
CAAGGGCAGA 
GGCAGGCTGT 
AACGGCGACA 
CACCCCTGAG 
CCTTCGGAAG 
TTCCCCGCGA 
GGGTGTGTAG 
AGGACTGCCA 
AATGCCGCAG 
GGATGCCACT 
GGTGAACGCT 
CCAACGTCGT 
GATGCCAGAC 
GTCCGTATGG 
GACCAATGCC 
KIT U KIT AH 
code 
OPU-01 
OPU-02 
OPU-03 
OPU-04 
OPU-05 
OPU-06 
OPU-07 
OPU-08 
OPU-09 
OPU-10 
OPU-11 
OPU-12 
OPU-13 
OPU-14 
OPU-15 
OPU-16 
OPU-17 
OPU-18 
OPU-19 
OPU-20 
5' to 3' 
ACGGACGTCA 
CTGAGGTCTC 
CTATGCCGAC 
ACCTTCGGAC 
TTGGCGGCCT 
ACCTTTGCGG 
CCTGCTCATC 
GGCGAAGGTT 
CCACATCGGT 
ACCTCGGCAC 
AGACCCAGAG 
TCACCAGCCA 
GGCTGGTTCC 
TGGGTCCCTC 
ACGGGCCAGT 
CTGCGCTGGA 
ACCTGGGGAG 
GAGGTCCACA 
GTCAGTGCGG 
ACAGCCCCCA 
code 
OPAH-01 
OPAH-02 
OPAH-03 
OPAH-04 
OPAH-05 
OPAH-06 
OPAH-07 
OPAH-08 
OPAH-09 
GPAH-10 
OPAH-11 
OPAH-12 
OPAH-1 3 
OPAH-14 
OPAH-1 5 
OPAH-1 6 
OPAH-1 7 
OPAH-1 8 
OPAH-1 9 
OPAH-20 
5' to 3' 
TCCGCAACCA 
CACTTCCGCT 
GGTTACTGCC 
CTCCCCAGAC 
TTGCAGGCAG 
GTAAGCCCCT 
CCCTACGGAG 
TTCCCGTGCC 
AGAACCGAGG 
GGGATGACCA 
TCCGCTGAGA 
TCCAACGGCT 
TGAGTCCGCA 
TGTGGCCGAA 
CTACAGCGAG 
CAAGGTGGGT 
CAGTGGGGAG 
GGGCTAGTCA 
GGCAGTTCTC 
GGAAGGTGAG 
KIT AP 
code 
OPAP-01 
OPAP-02 
OPAP-03 
OPAP-04 
OPAP-05 
OPAP-06 
OPAP-07 
OPAP-08 
OPAP-09 
OPAP-10 
OPAP-11 
OPAP-12 
OPAP-13 
OPAP-14 
OPAP-15 
OPAP-16 
OPAP-17 
OPAP-18 
OPAP-19 
OPAP-20 
5' to 3' 
AACTGGCCCC 
TGGTCATCCC 
GTAAGGCGCA 
CTCTTGGGCT 
GACTTCAGGG 
GTCACGTCTC 
ACCACCCGCT 
ACCCCCACAC 
GTGGTCCAGA 
TGGGTGATCC 
CTGGCTTCTG 
GTCTTACCCC 
TGAAGCCCCT 
TGCCATGCTG 
GGGTTGGAAG 
GGGCAGATAC 
ACGGCACTCC 
GTCGTCGACA 
GTGTCTGCCT 
CCCGGATACA 
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